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OVERVIEW 

King County's surface water features -- the rivers, lakes, wetlands, streams, and Puget Sound -- are a 
significant part of our natural beauty and rich herhge. Spawnlng salmon, meandering rivers, and clean 
water are important natural resources which must be managed wisely to protect their values. 

This Surface Water Design Manual contains the requlrements and standards for designing surface and 
storm water management systems in King County. As part of the permit approval process for certain 
types of permits for proposed projects, Klng County requires the construction of surface water and 
storm water management systems to mitigate the impacts of on natural and existing man-made drainage 
systems. 

This Manual regulates proposed projects by a rnlxture of requirements, performance, and deslgn 
standards. Requirements are qute specific. Performance and design standards are less specific, 
directing the design engineer to accomplish a defined goal in a consistent manner considerlng site 
constraints, objectives of a project, and technical Ilmttatlons. 

These requirements and standards are enforced by two dMsions within two separate departments of 
King County: the Building and Land Development (BALD) Divislon of the Parks, Planning and Resources 
Department and the Surface Water Management (SWM) Division of the Department of Public Works. 
The BALD Division is responsible for the drainage review and approval of the engineering plans and for 
the adminlstration of the Sensitive Areas Ordinance and Rules and ail other King County codes 
governlng development. The SWM Division Is responsible for developing the requirements and 
standards, which Includes publishing, updating and providing the technical support for this Manual. The 
SWM Division also designs, constructs and maintains the King County capital drainage facilities, 
participates in the revlew of major development proposals, and reviews requests for major variances to 
the requirements and standards in Chapter 1 and portions of Chapter 3 of this Manual. 

The chapters of this Manual are organized as follows: 

Chapter 1 - SUMMARY AND GUIDE TO ALL REQUIREMENTS 

Describes or references ail Klng County requirements for the analysis and design of 
drainage systems. 

Chapter 2 - PLAN REVIEW PROCEDURES 

Describes the procedures for the submktal and drainage review of engineering plans, ' 

including report and plan formats and scopes. 

Chapter 3 - HYDROLOGIC ANALYSIS 

Presents the acceptable methods of hydrologic analysis used to estimate runoff and the 
hydraulic routing techniques for the analyze and design of drainage systems. 

Chapter 4 - HYDRAULIC ANALYSIS AND DESIGN 

Presents the acceptable methods of hydraulic analysis and design standards used to 
analyze and design drainage systems. 

Chapter 5 - TEMPORARY EROSION AND SEDIMENTATION CONTROL STANDARDS 

Presents the required measures to be shown on the erosion/sedimentatlon contrd plan, 
including the methods used to size sedimentation facilities. It also descrlbes effective 
management practices which may be needed to supplement the required 
eroslon/sedimentation control measures. 



DEFINITIONS - A formal list of the words, terms and abbreviations ,accompanied by their meaning as 
applied' in this Manual. 

APPENDICES: 

Contains the frequency, thresholds and standards for, maintenance of all privately 
' maintained storm drainage facilities. 

APPENDIX B - MASTER DRAINAGE PLAN OBJECTIVES, CRITERIA AND COMPONENTS AND 
RMEW PROCESS 

Describes In a general outline the objectives, criteria and components and review 
process of Master Drainage Plans prepared for Master Planned Deveiopments'a'nd 
very large projects. 

REFERENCE - Materials provided to the user of the Manual are strictly& refer- and"" 
have not been adopted by the public rule adopting this manual. The applicant Is 
responsible to insure that the most current mategals are used in preparing permit 
application. 
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CHAPTER 1 
SUMMARY AND GUIDE TO ALL REQUIREMENTS 

1.1 INTRODUCTION 

This chapter describes when proposed projects require drainage review and summarizes or 
.references all King County requirements for the analysis and design of drainage facilities for 
proposed projects. A careful reading will show you which specific raquirements apply to your 
project and where you can find more detailed information on these requirements in this Manual. 

1 -1.1 WHEN IS DRAINAGE REVIEW REQUIRED? 

Drainage review is required for any proposed project requiring one of the King County.permits or 
approvals listed below; 

Kina Countv Per- A D o r o a  

Commercial Building 
Conditional Use1 
Formal Subdivision (plat) 
Clearing 
Grading 
Master Plan Development 
Planned' Unit Development 
Single-Family Residential Building 
Right-of-way Use 
Shoreline Substantial Development1 
Administrative Subdivision (Short Plat) 
Special Use 

, Unclassified Use ' 
Zoning Reclassification 
Zoning Variance ' 

AND which would: 

o add more than 5,000 square feet of new impervious surface2, OR 

o construct, modify, or discharge to a drainage system that collects and concentrates surface 
and storm water runoff from an on- or off-site drainage area of more than 5,000 square feet, 
OR 

o contain, or be adjacent to, a floodplain, stream, lake, wetland or closed depression, or a 
sensitive area as defined by the Sensitive Areas Ordinance and Rules (King County Code, 
Chapter 21.54), or is located within an adopted Critical Drainage Area (see Reference Section). 

If drainage review is required for your permit, then review this chapter to determine your drainage 
requirements. The King County drainage requirements described in this chapter are of two types: 

(1 1 Core Requirements, and 

(2) Special Requirements 

If the proposed project will require subsequent permits with full drainage review, then the drainage review may 
be deferred until application for the later permits. 

See Definition Section 
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The seven Core Requirements apply to every project which requires drainage review. Twelve 
Special Requirements may apply to a project.depending on the nature of the project and its 
location. For example, a detention pond may have more restrictive detention performance 
conditions when the project is in a "Critical Drainage Area.' It is highly likely that one, if not 
several, Special, Requirement8,will apply to a given project. Document how the Core and Special 
Requirements ,apply to your project and include this information in your permit application. 

In addition to the exceptions provided for specific requirements, variances may be granted in rare 
cases. The variance process is described at the end of this chapter in Section 1.4. 

All calculations for both Core and Special Requirements used to prepare plans and specifications for 
drainage facilities must follow the analysis and design methods described in the subsequent 
chapters of this Manual: 

FOR APPROVED CALCULATION'METHOPS AND 
IGN m N T S  CONCERNING: PEFFR TO; 

Design storms, runoff estimates, hydrograph Chapter 3 Hydrologic Analysis' 
analysis, storage requirements, etc. 

Conveyance systems, routing, retention1 Chapter 4 Hydraulic.Analysis and 
detention facilities, control structures, Design I .  

infiltiation systems, water quality 
facilities, etc. . .. 

Erosion, sedimentation, cover practices, (rtc. Chapter 5 Temporary Erosion and , . 
. . Sedimeritation Control 

Standards 

AII procedures for submitting pl'ans snd ,specifications for engineering review of drainage analysis ' 
and design for"proposed'projects are described in Chapter 2: Plan Review Process. During 
en~ineering review, King County Building and Land Development (BALD) Division staff will evaluate 
the proposed project for compliance, with the .drainage requirements described in this Manual. 
BALD Division staff will 'also evaluate a proposed project for compliance with other King County 
requirements (which are not described ,in this Manual), such as those described in the Sensitive 
Areas 'Ordinance, Critical Drainage .Areas, and P-suffix conditions of adopted Community Plans. 

1.1.2 OTHER AGENCIES MAY ALSO REQUIRE DRAINAGE REVIEW 

Other agencies such as those listed below may require drainage review for a proposed project's 
impact on surface and storm waters. The applicant should take care to note that these other. 

' agency drainage requirements are separate from, and in addition to, King County's drainage 
requirements. The applicant will be responsible.to coordinate joint agency drainage review,. 
including resolution of any conflicting requirements between agencies. 

. 8 .  , . 
~ e ~ t t l s l ~ i n p  ~obinty ~ i d l t h  ~epartment', .. On-SiteSiwage Disposal and Well Permits 
Washington State Department .of  rans sport at ion' DeveloperRocal Agency Agreement 
Washington Statb Department o f  Ecology . Short Term Water Quality Modification ~pproval"" 
Washington State Department, of Fisheries . Hydraulic Project Approval 
Washington. State Department of Wildlife Hydraulic Project Approval 
Washington State Department of Ecology Dam Safety Permit 
United States Army Corps of Engineers ,Section 10 Permit 
United .States Army Corps of Engineers Section 404 Permit 
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1.2 CORE REQUIREMENTS 

The seven Core Requirements are: 

(1) Discharge at the Natural Location. The discharge from a proposed project site must occur at 
the natural location. 

(2) Off-Site Analysis. All proposed projects must identify the upstream tributary drainage area and 
perform a downstream analysis. Levels of analysis required depend on,the problems identified 
or predicted. At a minimum, a Level 1 analysis must be submitted.with the initial permit 
application. 

(3) Runoff Control. Proposed projects must provide runoff controls to limit the developed 
conditions peak rates of runoff to .the pre-development peak rates for specific design.storm 
events based on the runoff from defined existing site conditions, atid install biofiltration 
measures. 

(4) Conveyance System. All conveyance systems for proposed projects must be analyzed, 
designed and constructed for existing tributary off-site runoff and developed on-site runoff from 
the proposed project. 

( 5 )  Temporary Erosion and Sedimentation Control. All projects that require engineered drainage 
plans shall provide Temporary Erosion and Sedimentation Control (TESC) measures that 
minimize the transport of sediment to drainage facilities, water resources, and adjacent 

, properties. 

(6) Maintenance and Operation. Maintenance of all drainage facilities constructed or modified by a 
proposed project is the responsibility of the property owner (see Maintenance Requirements for 
Privately Maintained Drainage Facilities in Appendix A), except King County may assume 
maintenance of drainage facilities constructed for formal Plat Subdivisions, planned unit 
developments, and some Short Plat Subdivisions two years after construction app'roval. 

(7)  Bonds and Liability. All drainage facilities for proposed projects (except drainage stub-out 
connections, downspout roof drain infiltration systems and downspout dispersion systems for 
single-family residential lots) must be constructed in conformance with the bond and liability 
requirements of King County Code 9.04.1 00. 
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1.2.1 CORE REQUIREMENT #1: DISCHARGE AT THE NATURAL LOCATION . , 

All surface and storm water runoff from a proposed project that proposes to construct new, or 
modify existing drainage facilities must be discharged at the natural location so' as not to be 
diverted onto, or away from, the adjacent downstream property. 

Proposals which do not discharge at the natural location in order to address an existing or 
anticipated problem will be considered as a 'variance (see Section 1.4). 

Discharge from the proposed project must produce no significant adverse impact to the drainage 
system of the downhill property. Where no conveyance system exists at the adjacent downstream 
property line and the discharge was previously unconcentrated flow, any concentrated runoff must: 

(1) be conveyed across th'e downstream properties to'an acceptable discharge point (see 
Core Requirement #2: Off-Site Analysis), with drainage easements secured from the 
downstream owners and recorded at the King County Office of Records and Elections, 
prior.to drainage plan approval, OR , P 

- - 
(2) be discharged onto a rock pad shaped in a .manner so as to disperse flow if the runoff Is 

less than 0.2 cfs peak runoff rate discharged from the site for the 100-year, 24-hour 
design storm event, OR 

(3) be conveyed to a dispersal trench (see Figure.4.3.6B) or other infiltration system if the 
. runoff is less than 0.5 cfs peak runoff rate discharged from the'site for the 100-year, 24- 

hour design storm event, provided the, applicant can demonstrate that there will be no 
significant adverse impact to the drainage system of the downhill property. 
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1.2.2 CORE REQUIREMENT #2: OFF-SITE ANALYSIS 

A proposed project initial submittal shall include an Off-Site Analysis Report that evaluates drainage 
system problems (ponding water, highllow flows, siltation, erosion, etc.1 upstream, on-site, and 
downstream of the proposed project. The design engineer shall demonstrate that the proposed 
project has been designed so that it neither aggravates (increases the magnitude, frequency, or 
duration of 1 an existing drainage problem nor creates a new drainage problem. 

Exem~tion; Permits and approvals requiring drainage review will be exempt from performing an Off- 
Site Analysis when the BALD Division determines that the proposed development contains 
sufficient measures to adequately protect the downstream drainage system AND, 

(1 I the proposed new impervious surface3 to be constructed is 5,000 square feet, or less, OR 

(21 the drainage area from which surface and storm water runoff is to be collected and 
concentrated is 5,000 square feet, or less. 

Levels of Off-site Analysis 
The Off-Site Analysis report requirements vary depending on the specific site and downstream 
conditions. Each project submittal shall includ,e at least a Level 1 analysis. Upon review of the Level 
1 analysis, BALD may require a Level 2 or Level 3 analysis. If conditions warrant, additional, more 
detailed analysis may be required. 

Level 1 Analvsis: The Level 1 analysis is a qualitative survey of each downstream system leaving a 
site. This analysis is required for all proposed projects and shall be submitted with the initial permit 
application. Depending on the findings of the Level 1 analysis, the Level 2 or 3 analysis may need 
to be completed andlor additional information may be required. If further analysis is required, the 
applicant may schedule a meeting with BALD Division staff. 

Level 2 or 3 Analvsis: If problems are identified in the Level 1 analysis, either a Level 2 (rough 
quantitative) analysis or a Level 3 (more precise quantitative) analysis shall be performed to further 
define and evaluate proposed mitigation for the problem. The BALD Division will determine whether 
a Level 2 or 3 analysis is required based on the evidence of existing or potential problems identified 
in the Level 1 analysis and on the proposed on-site drainage facilities design. The Level 3 analysis 
is required when results need to be as accurate as possible: for example, if the site'is flat; or if the 
system is affected by downstream controls; or if minor changes in the drainage system could flood 
roads, buildings, or septic systems; or if the proposed project will contribute more than 15 percent 
of the total peak flow to the drainage problem location. The Level 2 or 3 analysis may not be 
required, if the BALD Division determines that adequate mitigation can be developed from the Level 
1 analysis. 

Additional Analvsis: Additional, more detailed, hydrologic analysis may be required if the BALD 
Division determines that the analysis has not been sufficient to analyze the impacts of a proposed 
project on an existing or potential drainage problem. This more detailed analysis will generally . ' 
include synthesizing, summing, and phasing hydrographs for the major drainage areas (defined by 
major drainage system components affecting routing such as impoundments, restrictions, 
confluences, etc.1 tributary to the drainage problem areas. The SWM Division will review this 
additional analysis. 

S~ecific Reauirements for Off-site Analvsis: Regardless of the level of Off-Site Analysis required, 
the applicant shall: define and map the study area (Task 1 1, review resources (Task 21, inspect the 
study area (Task 31, describe the drainage system and problems (Task 41, and propose mitigation 
measures (Task 5) as described below. 

See Definition Section 
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Task 1: Study Area Definition and Maps . 
The requirements to define and map the study area are the same for all levels of anslysis. The 
upstream portion of the study .area shall encompass the entire tributary drainage area (the area that 
drains to the proposed project site). The remaining portion of the study area shall extend 
downstream of the proposed project discharge location to a point on the drainage system where 
the proposed project site constitutes a minimum of 15 percent of the total tributary drainage area, 
but i n  no event less than 114 mile. 

The Off-Site Analysis shall include: (1 1 A site map showing property lines, (2) a copy of the 
assessor's map of the property, and (3) the best available topographical map (e.~., from BALD, 
Roads and Engineering Division Map Counter, Sewer District, or at a minimum a USGS 1 :24000 
Quadrangle Topographic map), with the study .area boundaries and potentialtexisting problems (Task 
4) shown. Other maps, diagrams, and photographs such as aerial photos may be helpful in 
describing the study area. 

Task 2: Resource ~ev iew 
To assist the design engineer in preparing an Off-Site Analysis, King County has gathered . c  1 
information regarding existing and potential flooding andwosion problems. For all levels of - . .  
analysis, all of the resources described below shall be reviewed for existinglpotential problems in 
the'Off-Site Analysis,study area (upstream and downstream of the project site): 

Adopted Basin Plans and Finalized Drainage Studies4 1 -  

Basin Reconnaissance Summary Reports and 1 " = 400' scale problem summary maps4 
Critical Drainage Area Maps4 
Flood plainlfloodway (FEMA) Maps 
Other Off-Site Analysis Reports in the same sub-basin, if available 
Sensitive Areas Folio (Document distance downstream from proposedsproject to nearest 

sensitive areas identified in the folio) 
SWM Division Drainage Investigation Section Problems Maps 
US Department of Agriculture, King County Soils Survey 
Wetlands Inventory Maps r a( 

Potentiallexisting problems identified in the ,above documents shall be documented in the Drainage 
. System Table (See References Section) as well as ,described in the text of the Level 1 Off-Site 

Arialysis.Report'. If a document is not available for your site, note in the report that the information. 
was not available as of a particular date. .If necessary, additional resources are available from King , 

County, METRO, the Washington State Departments of Fisheries, Wildlife, and Ecology, the United 
States Army Corps of Engineers, and the public works -deparkments of other municipalities in the' 
vicinity of the proposed project site. 

 ask 3: Field Inspection , . . . ,  

Physically inspect the existing on- and off-site drainage system of the study area for each discharge 
lo'cation. Specifically, investigate any evidence of the following existinglpotential problems and 
drainage features. 

. . 

Level 1 Ins~ection: 
Investigate any problems reported or observed during the resource review. 
Locate existinglpotential constrictions or lack pf capacity in the existing drainage system.(Locate all 
existinglpotential capacity problems and apply' reasoning in Tasks 4 and 5 to eliminate from further 
analysis.) 
ldentify existinglpotential flooding, especially of commercial or residential structures, road access 
or septic drain fields. (Identify all existinglpbtential flooding problems and see Task 5 for method ' 
to eliminate from further analysis.) , 
Identify existinglpotential overtopping, scouring, bank sloughing or sedimentation. F I  

Identify significant destruction of aquatic habitat or organisms (for example, severe siltation, bank 
erosion, or incision in a stream). ; !j 

Reports available when this Manual was prepared i r e  in the Reference Section. , 

.je 
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Collect qualitative data on features such as land use, impervious surfaces, topography, and soil 
types. 
Collect information on pipe sizes, channel characteristics, drainage structures, 
wetland/stream/steep .slope (Sensitive) areas. 
Verify tributary basins delineated in Task 1. 
Contact neighboring property owners or residents in the area about past or existing drainage 
problems and describe in the report (Optional). 
Note the date and weather conditions at the time of inspection. 

Level 2 or 3 Ins~ect iox  
Perform a Level 1 Inspection. 
Document existing site conditions (approved drainage systems or pre-1979 aerial photographs) as 
defined in Core Requirement # 3. 
Collect quantitative field data (For Level 2, Collect non-survey field data using hand tapes, hand 
reel, and rods, and for Level 3 collect field survey profile and cross-section topographic data 
prepared by an experienced surveyor.) 

Task 4: Drainage System Description and Problem Screening 
Each drainage system component and problem shall be addressed in the Off-Site Analysis Report: 
on a map (Task 11, in the narrative, and in the Drainage System Table (See Reference 108). 

Drainaae svstem components: 
The following information about drainage system components such as pipes, culverts, bridges, 
outfalls, ponds, tanks, and vaults shall be included in the report: 

Location (corresponding map label and distance downstream/upstream from site discharge) 
Physical description (type, size, length, slope, vegetation, and cover) 
Problems 
Field observations 

Existinal~otential ~roblemq: 
All existinglpotential problems (ponding water, highllow flows, siltation, erosion, etc.) identified in 
the resource review or field inspection shall be described in. the report as follows regardless of 
whether the proposed project may or may not aggravate the problem. Then, problems that are not 
of concern will be screened from further analysis. 

Type of problem: magnitude, frequency, andlor duration 
Description of problem: ponding water, high or low flows, siltation, erosion; slides 
Magnitude of or damage caused by problem: siltation of ponds, dried up ornamental ponds, road 
inundation, flooded property, flooded building, flooded septicsystem, significant destruction of 
aquatic habitat or organisms. 
General frequency and duration of problem (Dates and time problem occurred, if available) 
Design storm or flow (cfs) of the water when problem occurs (Optional for Level 1 and required for 
Levels 2 and 3) 
Water surface elevation when problem occurs (for example, elevation of building foundation, crest 
of roadway, elevation of septic drain fields, or wetlandlstream high water mark) 
Names and concerns of involved parties (Optional for all levels of analysis) 
Current mitigation of problem 
Possible cause of problem 
Why the proposed project will or will not aggravate (increase the magnitude, frequency, or 
duration) the existing problem nor create a new drainage problem. For example, the problem will ' 

not be aggravated if: 
(1 1 it is an upgradient drainage problem that will not effect or be affected by project drainage - 

systems; or 
(2) it is a flooding problem and the project will not increase the elevation, duration, or 

' 

frequency of elevated water; or : 

(3) it is a capacity problem and the project proposes controls (pipes, culverts, channels, etc.) 
that will convey runoff as specified in Core Requirement #4: Conveyance System. 
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Existinglpotential problems that potentially. do not result in changes in the magnitude, frequency,'or 
duration may be eliminated from further analysis. The remaining problems of concern shall be 
discussed in the Level 1 mitigation narrative and may be addressed with a Level 2 or 3 analysis. 

Task 5: Mitigation 
For any existinglpotential off-site drainage problems of concern, the design engineer shall 
demonstrate' that the proposed project engineering plan has been designed so that it neither 
aggravates the existing drainage problem nor creates a new drainage problem. Aggravation of the 
problem can include increasing the magnitude, frequency, or duration of the problem. Quantitative 
analysis (such as application of Manning's equation to indicate capacity) is optional for Level 1 and 
is required for Levels 2 and 3 as follows. 

Level 2 or 3 Analvsis;.At the existinglpotential problem locations, mitigation may be. demonstrated 
by showing that the overflow peak, overflow, volume, and overflow duration associated with the 
identified flood problem will not increase under developed conditions for the 2, 10- and 100-year, 
24-hour design storms. The following definitions will apply and are indicated in Figure 1.2.2A: (1) 
the "overflow peak" at any location and for any design storm,of interest will be the peak flow of ;. 
the total runoff hydrograph which exceeds the capacity of the drainage system; (2) the "overflow. . 
volume" at any location and for'any design,sform of.interest will be the volume of that portion of 
the total runoff hydrograph which exceeds the capacity of the drainage system; and (3) the . .. . ) 
?overflow duration" at any location ,and for any design storm of interest will be the length of time 
that the total runoff hydrograph.exceeds the capacity of the drainage system. . 

8 * 
, '. 

FIGURE 1.2.2A OVERFLOW HYDROGRAPH 

The general method of analysis for Levels 2 and 3 involves hydrograph synthesis, routing, summation, and 
phasing (see Chapter 31.. Non-survey field data and komputations using Manning's equation for normal 
flows is adequate for a Level 2 analysis. Survey data and use of the direct step backwater method, and 

' hydrograph routing is required for a Level 3 analysis (Task 3). These methods do not specify how to find 
the,maximum release rate for a site with downstream'pro~lems. 
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A common approach is to set the maximum release rate equal to the flow leaving the proposed project 
at the level of storm (2-, 5-, lo-, 25-, 50-, or 100-year 24-hour) that results in the problem occurring 
and holding that release rate up to the 100-year, 24-hour storm. 

To verify that the release rates will not increase overflow peak, overflow volume,' or overflow duration, 
the applicant may develop hydrographs at each existinglpotential drainage problem location for the 2-, 
lo-, and 100-year 24-hour design storm, based on the total composite drainage area tributary to that 
location for existing and developed conditions: Existing on-site conditions are defined in Core 
Requirement # 3 and developed on-site conditions are those proposed by the project. Off-site existing 
and developed conditions are the same and are the conditions present at the time of the Off-Site 
Analysis. 

On-site Mitiaation: Typically, a proposed project will provide on-site mitigation measures such as 
restrictive release rates; increased detention, retention, or infiltration; up-sized Conveyance systems; 
piping sheet flow or open channels; or .stream rehabilitation and protection. For downstream erosion 
problems, BALD may require proposed projects to set restrictive release rates. 

Off-site Mitiaation: Occasionally a proposed project will provide off-site mitigation measures such as 
elevating roadways, up-sizing culverts, stabilizing soils, revegetating, bioengineering, stream 
rehabilitation, armoring, or obtaining drainage easements. The applicant, following approval by the SWM 
Division, may arrange with the owners of the affected off-site properties to install measures which will 
correct the existing problem.. Any required drainage easements shall be endorsed by the affected 
property owners and be recorded prior to approval of the proposed project engineering plan. When an 
existing drainage problem has been identified by the SWM Division, the applicant should contact the 
SWM Division to check for potential cost sharing mitigation. 
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1.2.3 CORE REQUIREMENT #3: RUNOFF CONTROL 
. . 

Proposed projects must provide runoff control through a combination of peak rate runoff control 
and on-site lbiofiltration as described below. 

Peak  ate Runoff Control 

Proposed projects must provide peak rate runoff control to limit the developed' conditions peak 
rates of runoff from specific design storm events not to exceed the peak rates for the "xisting 
site conditions" described below. Three basic methods for peak rate runoff control are possible: 
detention, retention, and infiltration. Detention is the collection and temporary storage of surface 
water (typically over several hours) with the outflow rate restricted--usually to the pre-developed 
outflow rate. Retention is the collecting and holding of surface and stormwater with effectively no 
surface outflow (outflow occurs by evapotranspiration). Infiltration is the soaking of surface water 
into the ground (typically for several.hours or days). 

lnfiltration not only reduces or eliminates surface runoff, but also helps to maintain.the hydrologic!. 
balance of the surface water system. lnfiltration can limit erosion and recharge groundwaters that. 
supply water to wetlands, streams, and wells. Preserving infiltration after development is by far 
the most effective mechanism in preventing adverse impacts to the surface water system. 
Because of these benefits, King County encourages the use of infiltration systems for runoff control 
where the appropriate soil conditions exist. 

Proposed project peak rate runoff control must be located on-site.. An exemption from on-site peak 
rate runoff control may be granted for the special conditions specified at the end of this core 
requirement section. I 

Biofiltration 

Proposed project runoff resulting from more than five thousand square feet of new impervious . . 

surface6 for each threshold discharge areae, and subject to vehicular use or storage of chemicals, 
, . shall be treated prior to discharge from the prMect site by on-site biofiltration measures as . . 

described in Section 4.6.4. Installation of a.bliofiltration facility (biofiltration swale or filter strip) ta' 
meet Core Requirement #3 does not exempt the applicant from installing a special water quality 
control facility (wetpond, wetvault, or water quality swale) to meet Special Requirement #5. 

The biofiltration design flow rate shall be the peak rate of runoff for'the 2-year 24-hour duration "'1 

design storm' event. Note, biofiltration facilities installed'following peak rate runoff control facilities 
may be sized to treat the allowable release'rate (existing site conditions) for the 2-year 24-hour , 
duration design storm event for the peak rate tunoff control facility. Biofiltration facilities installed'! 
prior to peak.rate runoff control facilities shall be sized based on the developed conditions. 

Proposed Project Site "Existing Site .Conditionsw , , ' , . 

In performing the analysisfor the design of. runoff control, it is essential to first determine the , 
proposed project site "existing 'site conditionsp from which the pre-development runoff rates can be 
computed for specific design storms. Existing site conditions are not always synonymous with 
those of the ,natural, totally undeveloped site. In some instances substantial modifications (such as 
diversions, piping, cleari,ng, and grading) have already increased and altered surface water runoff 
leaving the site, but no permit, 'nor accompanying engineering plan, was ever approved. In other 
instances, an approved drainage system exists and the existing system must be analyzed for its 
performance. There are two definitions for proposed project site "existing site conditions" ., , 

depending on the site. 

See Definition Section 

A threshold discharge area is an on-site area which drains to a single natural discharge location or multiple ; 
natural discharge locations that combine within 114-mile downstream. 
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Sites with Existing Approved Drainage Systems: The proposed project site "existing site 
conditions" are defined as those that occur with the existing drainage facilities constructed per 
approved permits and engineering plans when required. The current performance of existing 
drainage and detention facilities shall be determined by using the analysis methods described in 
Section 3.5. 

Sites with No Existing Approved Drainage Systems: The "existing site conditions" are defined as 
those that existed prior to May 1979. This is the date of publication of "Requirements and 
Guidelines for Storm Drainage Control in King County" by the King County Public Works 
Department's Hydraulics Division, the document which defined the on-site detention design criteria 
for implementing King County Ordinance 2281. If in question, the "existing site conditions" must 
be documented by the best available aerial photographs. If aerial photographs are not available, 
knowledge of the site by individuals familiar with the area will be admissible. 

Peak Rate Runoff Control Performance Curve 

A "peak rate runoff control performance curve" plots the allowable peak runoff rates for a range of 
design storm frequencies, as illustrated in Figure 1.2.3A the "Standard Peak Rate Runoff Control 
Performance Curve". In the absence of other Special Requirements which dictate a more thorough 
analysis, the BALD Division evaluates peak rate runoff control only for the 2-, lo-, and 100-year 
frequency storm events represented on this curve. Peak rate runoff control facilities must be 
designed to produce post-development peak runoff rates at or below this curve for the 2- and 10- 
year, 24-hour duration design storm events. More restrictive runoff control performance curves 
may be required under conditions specified in the "Special Requirements" section of this chapter. 

FIGURE 1.2.3A STANDARD PEAK RATE RUNOFF CONTROL PERFORMANCE CURVE 

# I 

For the 100-year, 24-hour design 
storm event, the peak rate runoff 
control facility release rate depends on 
the significance of downstream impacts. - ........................................................................... 

Pre-development peak rates 
(allowable release rates) 

- ....................................................... 
I 
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I 
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2 10 100 
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The post developed runoff for the 100-yeir, 24-hour duration design storm event shall be routed 
through the conveyance system and the peak rate runoff control facilities to evaluate any 
significant adverse impacts downstream (see Sections 1,.2.2 and 1.2.4). Additional control to 
reduce the post-developed peak runoff for the 100-year, 24-hour duration design storm event is 
one mechanism that may be used to mitigate significant adverse impacts downstream. The 
required performance above the 10-year, 24-hour duration design storm up to the 100-year, 24- 
hour duration design storm event, therefore, is dependent upon downstream conditions and how 
much attenuation the peak rate runoff control facility designed for 2- and 10-year, 24-hour duration 
design storm events provides for the 100 year, 24-hour duration design storm event. 

If runoff does not leave the project site under existing site conditions for the 2- and 10-year, 24- 
hour duration design storm events, the'peak rate runoff'control facility must be designed to 
produce peak runoff ratesat or below.the performance curve for all design storm events up to and 
including the 100-year, 24-hour event as well as the 100-year, 7-day event. Sites with little or no 
runoff may also be subject to Special Requirement #7: Closed Depressions. 

.Detention Facilities ;; ' 

There are two main types of detention facilities: ponds; and, tanks or vaults. The methods of 
analysis and design standards for detention facilities can be found in Section 4.4. 

Factor of Safety: The design volume of detention facilities used to meet the standard peak rate 
runoff control performance curve for the 2- and 10-year, 24-hour duration design storm events 
shall be increased by a 30 percent factor of safety. This requirement shall be met by increasing 
proportionally by 30 percent the design detention volume between each 1 foot of storage depth 
without increasing the total depth of storage or altering the design control orificelweir sizing. 

r:. 

Petention Ponds: Detention ponds are the most desirable alternative for detention facilities for 
water quality benefits, relative ease of inspection and access for maintenance. King County 
encourages the design of multi-purpose detention ponds which can serve the multiple purposes of, 
recreation (such as playgrounds or picnic areas), wildlife habitat (wetlands areas) and aesthetics 
(landscaping to provide for a natural appearance). Multi-purpose ponds must meet all the bd 
requirements of the purposes they are require@ to perform. In multi-purpose ponds incorporating j'' 
recreational facilities, the recreational facilities must be designed in a manner compatible with the 
storm water functions and maintenance standards. Detention ponds may combine the performance 
requirements of wetponds (see Special Requirement #5 and Sections 4.6.2 and 4.6.3). 

Petention Tanks and  vault^: Detention tanks and vaults are underground facilities for the storage 
of surface water. Tanks are typically constructed from corrugated pipe and vaults are constructed 
from reinforced concrete. Tanks and vaults provide, less water quality benefit (biofiltration and 
biologic activity). than ponds, therefore, biofiltration measures are especially important. 

Private Parkina Lot Ponding: Private parking lots may be used to provide additional peak rate runoff 
conttol detention volume 'for the post-developed peak rates of runoff for design storms greater .than 
the .lo-year, 24-hour duration design storm prbvided that: r 3  

' (1 )  "the depth of 'water detained ca;n . . not exceed 1.0 feet at any location in the parking 
, , . . 

lot; AND '* 
,. ' r 

(2). ' the'miriimum'gradient of the parking lot area subject to ponding shall be 1 percent;, 
, . 

AND 
. . 

(3) the emergency overflow path meets the same requirements as for,infiltration 
systems; AND ; t 

(4) fire lanes used for emergency equipment shall be free of standing water up to the ': 
design storm. 

i 



K I N G  C O U N T Y ,  W A S H I N G T O N ,  S U R F A C E  W A T E R  D E S I G N  M A N U A L  

Poof Pondim: Ponding of roofs of structures will be allowed to be used for peak rate runoff control 
detention volume provided that: 

(1) the depth of water ponded can not exceed 1.0 feet at any location on the roof; AND 

(2) the- minimum pitch of the roof area subject to ponding shall be 1 14 inch to 1 foot; 
AND 

(3) the roof support structure is analyzed by a structural engineer to address the. weight 
of the ponded water; AND 

(4) the roof area subject to ponding is water-proofed with a method with a minimum 
expected service life of 30 years. 

Retention Facilfties 

There are two basic types of retention facilities: ponds and closed depressions. Retention ponds 
are constructed by a combination of excavation and/or berming. Closed depressions may be 
established as retention facilities, and in some cases enlarged to accommodate additional surface 
and stormwater runoff by excavation and/or berming. 

Usually retention facilities will not be a cost effective means for providing peak rate runoff control, 
but rather are employed to control the increased volume of runoff from a proposed project as is 
required by Special Requirement 4'7: Closed Depressions in Section 1.3.7. 

The pre- and post-development peak runoff rates for the 1 00-year, 7-day duration design storm 
events are evaluated, along with the standard peak rate runoff control performance curve, when 
retention facilities are employed in order to control increased volume of runoff from proposed 
projects. In these cases, retention facilities shall be analyzed and sized using the methods described 
in Section 3.6, and designed using the design standards contained in Section 4.4. Note, in some 
cases, retention facilities will have significant infiltration capability and, in these cases, must also 
meet the design standards contained in Section 4.5. 

Infiltration Facilltlea 

lnfiltration facilities, as with detention systems, must be sized to meet the required peak rate runoff 
contrd performance curve. More restrictive runoff control curves may be required under conditions 
speclfled in the 'Speclal Requlrements'' Sectlon 1.3. Note, the factors of safety for Infiltration systems are 
Incorporated within the methods of analysis and deslgn standards described in Sectlon 4.5. For the 
design requirements and standards for infiltration facilities see Section 4.5. 

There are many practical limitations on Infiltration facllitles, due to the very slow perrneabilky rates of 
some soils and the need to prevent contamlnatlon of groundwater resources. The following Soil 
Conservation Service series soils: Arents ("An' only), Everett, indianola, Klaus, Nellton, Pllchuck, Puyaliup 
and Ragnar are most likely to be suitable for lnfiltratlon; any other soil types should be very carefully 
evaluated for use in systems other than downspout systems. A soils report is required for all proposed 
infiltration facilities to verify the mapped soils series or to classify the series of the soil (if previously . 
unmapped). Soils logs are prepared to provlde the data for the report and to investigate and confirm that 
the seasonal hlgh groundwater Is at least 3 feet below the bottom of a proposed Infiltration system 
(except roof downspout systems). Where doubt exists as to the depth of seasonal hlgh groundwater an 
lnvestlgatlon must be conducted during the winter months prior to permit approval. 

infiltration facilities may not be operated until a proposed project improvements which produce surface 
runoff are complete, especially revegetatlon and landscaping. In the case of projects with Individual lots 
remaining undeveloped, these lots must contain and Infiltrate their runoff through IndivMual sediment 
traps (see Section 5.4.5.1) acting as lnflltratlon ponds as until permanent improvements and landscaping 
are established. An alternatke to this approach Is to provlde a single large temporary settling pond on 
an undeveloped tract, as discussed in Section 4.5.2. A typical detail of the sediment trap shall be 
provMed and Included as a condition of the flnal plat. It Is not necessary to design a trap for each 
Individual lot. Instead, a single trap may be designed based on the average lot size, topography, soil 
type and anticipated lmpervlous area. 
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lnfiltration facilities must be designed based on infiltration testing and a soils report prepared by a 
professional civil engineer with expertise in soil engineering. To maintain outflow rates of the 
infiltration tanks and ponds, all inflow must be pretreated for sediment removal (see Section 5.4). 

An emergency overflow path must be identified for infiltration facilities and noted on the engineering 
plan. This overflow path must be analyzed to meet the requirements of Core Requirements #1 (see 
Section 1.2.1 and #2 (see Section 1.2.2) for the 100-year, 24-hour duration design storm, except 
Downspout Infiltration Systems (see Section 4.5.1 ). 

, . lnfiltration facilities may be especially useful in the following circumstances, provided the proper soil 
conditions are present and all requirements can be met. 

(1 The proposed project discharges to a closed depression. 

(2) ' The proposed project discharges to a severely.undersized conveyance system that 
restricts the runoff volume that can be accommodated. 

(3) The proposed project is in critical Drainage Area requiring runoff volume control:: - 

Exemptions From On-Site Peak Rate Runoff Control . .. c 

On-site peak rate runoff control will not be'required for a proposed project in the following i i .  
situations. 

'";'$ ' 

w i b l e  Peak Runoff Rate u7: r t  ., C- . 
8 .  

' sv 
(1 ) The proposed project site post-developed peek runoff rate for the 100-year, 24-hour 

duration design storm event is calculated for each discharge location8 to be, less , 

than 0.5 cfs more than the peak runoff rate for the existing site conditions; OR, c.' ' :  

. . 

(2) The project proposes to construct 5,600 square feet, or less, of new impervious 
surface. 

ect D ~ s c h m :  The proposed project will discharge surface and stormwater runoff without on?{ 
site peak rate runoff control directly to: . . 

A Regional Facility. Direct discharge of surface and stormwater runoff to a regional facilitl 
will be allowed if: 

o the facility has been demonstrated to adequately control the proposed project's , 

increased peak rate of runoff by an adopted King County basin plan or by a detailed 
drainage analysis approved by the SWM Division; AND 

o the facility will be available by the time of construction of the project; AND . . 

o the conveyance system to the regional facility -can accommodate, with no significaht 
adverse impact'to the drainage systems, the design peak runoff for the proposed 
project site and the equivalent areae developed tb the full zoning potential. 

' Proposed projects in adopted critical drainage areas, basin plans and community plans requiring peak runoff rate 
or runoff volume' controls more strict than standard:controls shall not qualify for this exemption. b:. . 

. . 

A threshold discharge area is an on-site area which drains to a single natural discharge location or multiple , ?.. 
natural discharge locations that combine within 11/4-mile downstream. . y 

The equivalent area is the area tributary to the receiving water body equal to or less than the shortest, straight 
line distance from the discharge point from the receiving water body (or regional facility) to the furthermost.;,j 
point of the proposed development. 



A Receiving Water. Direct discharge of surface and stormwater runoff to the receiving 
waters listed below may be allowed if: 

o proposed projects that require Master Drainage Plans (see special Requirement #3) 
shall demonstrate, no significant adverse impact to the drainage systems from direct 
discharge to a river; AND 

o the conveyance system to the receiving water can accommodate, with no 
significant adverse impact, the design peak runoff for the proposed project site and 
the equivalent area developed to the full zoning potential. 

Cedar River 
GreenIDuwamish River (below river mile 6.0, F.E.M.A.) 
Lake Sammamish 
Lake Washington 
Puget Sound 
Sammamish River 
Skykomish River 
Snoqualmie River including the North, South and Middle Forks 
Tolt River 
Whitelstuck River 

A Lake, Wetland or Closed Depression. See Special Requirement #8: Use of Lakes, 
Wetlands or Closed Depressions for Peak Rate Runoff Quantity Control, in Section 1.3.8. 
The applicant should note that many lakes, wetlands or closed depressions will not qualify 
for this exemption. 

Bypasses 

On-Site Runoff Bvoass: Proposed project runoff bypass the proposed project peak rate runoff 
control facilities provided that: 

(1 the proposed project peak rate runoff control facilities are designed to compensate 
for the controlled project area by limiting the total developed peak runoff rate (the 
sum of the controlled and uncontrolled hydrographs) to the pre-development peak 
runoff rates for the proposed project site at the point(s1 of discharge, AND 

(2) both the bypass area and the peak rate runoff control facility discharge to the same 
subbasin, AND 

(3) all discharges, including the bypass, are subject to the biofiltration requirements of 
this Core Requirement if the threshold is exceeded, AND 

(4) the discharge from the bypass will have no significant adverse impact to the 
\ J  

drainage systems on downstream properties. 

Off-Site Runoff Bv~ass: Upstream off-site runoff must bypass the proposed project on-site peak 
rate runoff control facilities in a separate conveyance system, unless the existina peak runoff rate 
from the upstream off-site area for the 100-year, 24-hour design storm event is less than 50 
percent of the proposed project site develor~ed conditions peak runoff rate for the 100-year, 24- 
hour duration design storm event. 

Tracts 

The runoff control facilities to be maintained and operated by the King County Department of Public 
Works (see Section 1.2.6) must be located in a tract or right-of-way created by a legal subdivision 
and dedicated to King County. Access roads serving these facilities must also be located in the 
tract or right-of-way and must be connected to an improved King County road right-of-way. 
Enclosed runoff control facilities (tanks or vaults) may be allowed in private right-of-way for a road, 
provided the easement includes provisions for access and maintenance of the facility. 
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1.2.4 CORE REQUIREMENT #4: CONVEYANCE..SYSTEM 

All conveyance systems for proposed projects must be analyzed, designed and constructed for 
existing tributary off-site runoff and developed on-site runoff from the proposed project. The 
applicant shall demonstrate one of the following: 

(1) The on-site conveyance system of the proposed project: 

(a) exists, or will be constructed, and is sized to convey the peak rate runoff as 
required below, AND 

(bj' complies with specific requirements for conveyance system composition, 
pumps, interflow interception, easements, outfalls, and single-family 
residential lots, OR 

(2) The project is exempt from this requirement. 

Sizing 

The on-site conveyance system adequacy shall be demonstrated using the Backwater Analysis 
Methods described in Section 4.3.4 and 4.3.7. When significant storage volume exists in the 
conveyance system (such as upstream of an existing roadway embankmentlcross culvert) these 
methods shall be used in conjunction with the Hydrograph Routing Method described in Section 
3.5.4. The runoff originating on the project site plus any existing'upstream runoff that will be 
conveyed through the project site shall be included in the analysis. 

The conveyance system analysis shall use the following design storms, clearances, and other 
conveyance system element specific requirements: . a: , 

' .  

(1 For ~ i ~ e  svstems: 
' i  i 

Pipe systems shall be designed to convey and contain at least the peak runoff rate 
for the 25-year design storm using the Methods of Analysis described in Section 
4.3.4; Structures for pipe systems must be demonstrated to provide a minimum of 

, . : 0.5 feet of freeboard between the hydraulic grade line and the top of the structure 
for the 25 year peak rate of runoff. Structures may overtop for the 100-year peak 
rate of runoff as described belbw. When overtopping occurs for ttie 100-year peak 
rate of runoff ttie additional flow over the ground surface is analyzed using the 

. methods described in Section 4.3.7 and added to the flow capacity of the pipe 

, , 
system determined by the backwater analysis. 

, . 
Exceptions: The upstream end of a pipe system that is open and receives runoff 
from a natural conveyance element or the following man-made conveyance 
elements .(ditches, channels and retentionldetention ponds) shall be analyzed and 
sized as a culvert as described.in (2) below. 

(2) ' For culverts: 

Culverts shall be designed to convey. the peak runoff rate for the 25-year design, 
storm event using the Methods of Analysis for Culverts described in Section 4.3.5. 
and to meet the designated sheadwater requirements. In addition, culverts must be 
demonstrated to convey the 100-year design storm under surcharged conditions. :, 

3 ?  

(3) For drainaae ditches or channelq: 
. .  .. 

Drainage ditches or channels shall be designed to convey at least the peak runoff -' 
from the 25-year designstorm using the Methods of Analysis described in Section 
4.3.7 with a minimum freeboard to overflow of 0.5 feet. In addition, drainage 
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ditches or channels must be demonstrated to convey the peak runoff from the. 
100-year design storm without overtopping. 

Surcharged conditions for pipe systems and culverts, and bank-full conditions for existing open 
ditches and channels are acceptable for demonstrating the adequacy of the conveyance system to 
convey the peak runoff for the 100-year design storm provided that: 

(1) runoff is contained within defined conveyance system elements without inundating 
or overtopping the crown of a roadway; AND/OR 

(2) no portions of a building will be flooded; AND/OR 

(3) if overland sheet flow occurs, it will flow through a drainage easement or covenant. 

The downstream conveyance system must be analyzed as required in Section 1.2.2, Core 
Requirement #2: Off-site Analysis. 

Composition 

Conveyance systems shall be constructed of vegetation-lined channels, as opposed to pipe 
systems, where feasible. Vegetative channels shall generally be considered feasible if: (1 1 the 
channel gradient generally does not exceed five percent, (2) no modifications to currently adopted 
standard roadway cross sections in the King County Road Standards are necessitated by the 
channel, AND (3) the channel would be accessible for maintenance (see Section 1.2.6). 

Bridges 

Bridges shall be designed to pass the 100-year runoff (estimated for facilities without continuous 
flowlfrequency records by using the ,peak runoff for the 100-year design storm) with the clearance 
as specified in Section 4.3.5. 

Pump System 

Pump systems (includes the pumps, force mains, electrical equipment, structures and 
appurtenances) are not allowed on storm drainage systems in King County. A variance (see 
Section 1.4) from this requirement, which will usually also require a variance from Core 
Requirement #1: Discharge at the Natural Location in Section 1.2.1, may be requested. Any pump 
system will be required to meet the following minimum conditions: 

(1 The pump system is not used to circumvent any other King County drainage 
requirements, and construction and operation of the pump system will not violate 
any other King County requirements. 

(2) The pump system is the only alternative to solve a flooding problem impacting 
existing residential or commercial structures or prohibiting reasonable access. 

(3) The pump system has a storage facility (pond, tank, or vault), sized to hold 
25 percent of the total volume of runoff for the developed tributary drainage area 
for the 2-year, 24-hour duration design storm event. This storage requirement is in 
addition to any peak rate runoff control requirements. 

(4) The pump system has a dual pump (alternating) provided with an external alarm 
system. 

(5) Pump systems that serve commercial projects or single-family homes must be 
maintained by the property owner(s1. 

(6) Pump systems serving more than one propem must be granted in an easement to, 
and operated and maintained by King County. Prior to engineering plan approval for 
these pump systems, a fee must be paid to the SWM Division equal to the capital 
replacement costs for the pump systems mechanical and electrical components. 
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An outfall is defined as a point where collected and concentrated surface and stormwater runoff is 
discharged from the project site or into an open drainage feature. These drainage features Include 
ditches, channels, swales, streams, rivers, ponds, lakes, or other open bodies of water. In most 
cases an outfall will consist of a pipe discharging runoff .from a detention facility or storm drainage 
pipe system. 

~ner& 0issiGtion. Due to their relatively smooth surfaces, pipes can convey water at sufficiently 
high velocities to cause accelerated erosion at the discharge point. Any outfall, therefore, must 
dissipate some energy of the runoff prior to'discharge into an erodible receiving drainage feature. 
A number of very effective mechanisms to achieve this goal are described in Chapter 4. At a 
minimum, rock,erosion protection is required at outfalls from all drainage systemslelements, except 
outfalls that are completely submerged at least 2 feet below the mean low water line of, and 
extend at least 20 feet into, the receiving oden drainage feature. Design engineers are also 
encouraged to investigate and propose alternative mechanisms which they can demonstrate to be 
as ,effective. I '. -. , 

Outfalls To Tidal Basins. For outfalls discharging to Puget Sound (and the Green River up to River 
Mile 6.0), the design tailwater elevation shall be 8.5 feet K.C.A.S. datum as established by 
F.E.M.A. map panel 19P of Volume 2 of 4,.King County, WA (see Figure 4.3.8A). F : 

..+ ! 
Outfalls on Slopes or ~ b o v e  Steep Slopes. Outfalls proposed on or above slopes greater than 15 
percent and greater than 20 feet in height and above Steep Slopes (as defined by the Sensitive :3i 
Areas , Ordinance . and Rules) must meet the following criteria: 

(1 I The discharge must be less. than 0.5 cfs for the 1 00-year, 24-hour design stormfqr . . . , . I  

. existing pre-developed conditions or a tightline conveyance system must be 
, constructed to convey the runoff to the bottom of the slope with adequate ens& 

dissipation at the bottom. 
" >3 

C (2) The outfall must be upslope from any steep slope buffer. 

o ill water separation must be provided in all pipe drainage systems conveying runbff from paved :- 
areas subject to vehicular use or storage of chemicals,prior to discharge from the project site or ,; 

' 

into an open drainage feature. Providing oillwater separation at the project detention or water 
quality facility will alleviate the need for oillwater separation within the system .tributary to those, 
facilities except where.needed to protect groundwater (see Sections 4.4.7 and 4.6.4). i 

2.- 

. 2"' 

Single-Fanilly Residentlel Lots , ' ? 

p r a i n w  Stub-Outq 
. J  

Drainage stub-outs shall be provided for each proposed single-family residential lot served by a new 
roadway using a pipe system for conveyance, except for those lots where individual roof 
downspout infiltration systems (see Section 4.5.1) sre required and certain lots where downsPo& 
dispersion systems as described below and in Section 4.5,.6 are used. Stub-outs shall conform to 
the following: 

' . . (1 1 Each drainage stub-out shall be connected to the pipe system at a structure and be 
suitably located at the lowest elevation on the lot, so as to service all future roof 
downspout and driveways and yard drains. (Note: Does not preclude the 
connection of footing drains or other subsurface drains.) Each drainage stub-out 
shall have free-flowing, positive drainage to an existing or proposed structure on the 
pipe conveyance system or to an approved outfall location. ? 
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(2) Drainage stub-outs shall be located with a five-foot-high, 2" x 4" stake marked 
"storm drainage". The drainage stub-out shall extend above surface level, be visible 
and be secured to the stake. 

(3) Pipe material shall conform to pipe materials specifications (see Section 4.3.4) and, 
if non-metallic, the pipe shall be buried with metal wire or other metal detection 
feature. 

' (4) Drainage easements, dedicated to the owners of lots they serve, are required for 
drainage stub-outs designed to convey flows through other single-family residential 
lots. 

(5) The applicant is responsible for coordinating the locations of all drainage stub-out 
conveyance lines with respect to the utilities (sanitary sewer, water, power, gas, 
telephone, television, etc. 1. 

(6) All drainage stub-outs shall be maintained by the owner(s) of the single-family 
residential lot(s) they service. 

Dispersion of roof runoff (see Section 4.5.6) is on residential lots in new plats and short 
plats which.are larger than 22,000 square feet. Dispersion of roof runoff is allowed on residential 
lots less than 22,000 square feet where the overflow can travel over at least 25 feet of vegetated 
area before leaving the property and does not pose a significant flooding or erosion problem. 
Dispersion systems shall conform to the following: 

(1 I at least 25 feet of vegetative cover (that is an area not classified as a steep slope 
as defined by the Sensitive Area Ordinance and Rules) will separate the dispersion 11 
system from a downslope property ,line or top of a steep slope; AND 

(2) the dispersion system does not discharge to a slope greater than 40% and more 
than 10 feet high without the written recommendation of a geologist or 
geotechnical engineer; AND 

(3) the downspout dispersion system shall not discharge flow over any on-site septic 
tank drainfield trenches. 

For individual single-family residential lots that have not previously been covered under an approved 
drainage plan, where the lot area is under 22,000 square feet, splash blocks may be used in place 
of other downspout systems, provided that: , , 

(1 a minimum of one downspout per 700 square feet of roof surface area is provided;' 
AND 

(2) . sheet flow from splash blocks is directed across a minimum of 10 feet of vegetative 
cover within the lot boundaries before entering a designated buffer as defined by. ., 
Sensitive Areas Ordinance and Rules or an adjacent property; AND 

(3) discharge will not flow over any on-site septic tank drainfield; AND 

(4) discharge will not create an erosion or flooding problem. 

Interception of lnterflow 

lnterflow is near-surface groundwater that moves. laterally through the soil horizon following the 
hydraulic gradient of underlying relatively impermeable soils. When interflow is expressed on the 
surface it is termed a "spring" or "seepage". Any significant springs or areas of seepage, that , 

impact a roadway or structure proposed by the project must be intercepted and directed into the 
conveyance system. 
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The conveyance systems to be maintained and operated by the King County Depanment of Public 
Works, (see Section 1.2.6) on private property must 68 located in a drainage easement granted to 
King County. All other drainage facilities and conveyance systems which convey off-site or 
between lot flows must be located in a drainage easement dedicated ,to convey surface and storm 
water, however, the individual property owner(s) maintain the drainage facilities within ,these 
drainage easements. The legal instrument creating drainage easements on private property must 
contain language that' requires a private property owner to obtain written approval from the SWM 
Division prior to removing vegetation from the drainage easement containing open, vegetated 
drainage facilities (such as swales, channels, ditches, ponds, etc ... 1. See Drainage Easements In 
Reference 10G. . 

Exemption 

Permits and approvals requiring drainage review will be 'exempt from demonstrating that a 
conveyance system exists' or will be:constructed when the BALD Division'determinei that the 
proposed development contains sufficient measures to adequately protect the downstream drainage 
systems; AND 

The project proposes .to: ,._ 
:!c 

'Q 
o construct 5,000 square feet, or less, of new ,impervious surface; AND 

o construct, modify, or discharge to a drainage system that collects and concentrates surf;& 
and storm water runoff from an on- or off-site drainage area of 5,000 square feet, or less. . ,. 
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1.2.6 CORE REOUIREMENT #5: TEMPORARY EROSION AND SEDIMENTATION CONTROL 

All projects that require engineered drainage plans shall provide Temporary Erosion and 
Sedimentation Control (TESC) measures that minimize the transport of sediment to drainage 
facilities, water resources, and adjacent properties. To accomplish this goal, TESC measures shall 
be designed, installed, and maintained in accordance with the following minimum requirements. 
Details of the Best Management Practices (BMPs) that can be used to comply with the minimum 
requirements are in Chapter Five and are referenced below. The intent of this Core Requirement 
and Chapter Five is to provide enough flexibility and alternatives so that the TESC measures are 
appropriate to specific projects. The final decision on the appropriateness of TESC measures shall 
be made by the county. 

Minimum Requlrementa 

(1 Clearina Limita: Prior to any site clearing or grading, those areas that are to remain 
undisturbed during project construction shall be delineated (Section 5.4.1 ). At a 
minimum, clearing limits shall be installed at the edges of all sensitive area buffers. 

(2) Cover Measures: Temporary and permanent cover measures shall be provided to 
protect disturbed areas (Section 5.4.21. Temporary cover shall be installed if an 
area is to remain unworked for more than seven days during the dry season (April 1 
to September 30) or for more than two days during the wet season (October 1 to 
March 31 1. These time limits may be relaxed if an area poses a low risk of erosion 
due to soil type, slope gradient, anticipated weather conditions, or other factors. 
Conversely, the county may reduce these time limits if site conditions warrant 
greater protection or if significant precipitation is expected. Any area to remain 
unworked for more than 30 days shall be seeded or sodded, unless the county 
determines that winter weather makes vegetation establishment infeasible. During 
the wet season, slopes and stockpiles 3H: 1 V or steeper and with more than ten 
feet of vertical relief shall be covered if they are to remain unworked for more than 
12 hours. Also during the wet season, the material necessary to cover all disturbed 
areas must be stockpiled on-site. The intent of these cover requirements is to have 
as much area as possible covered during any period of precipitation. 

(3) Perimeter Protectim: Perimeter protection to filter sediment from sheetwash shall 
be located downslope of all disturbed areas and shall be installed prior to upslope 
grading (Section 5.4.3). Perimeter protection includes the use of vegetated strips, 
as well as more conventional, constructed measures, such as silt fences. During 
the wet season, 50 linear feet of silt fence (and the necessary stakes) per acre of ,, 

disturbed area must be stockpiled on-site. 

(4) Traffic Area Stabilization: Unsurfaced entrances, roads, and parking areas used by 
construction traffic shall be stabilized to minimize erosion and tracking of sediment 
off-site (Section 5.4.4). Stabilized construction entrances shall be installed as the 
first step in clearing and grading. At the county's discretion, road and parking area 
stabilization is not required during the dry season (unless dust is a concern) or if the 
site is underlain by coarse-grained soils. Roads and parking areas shall be stabilized 
immediately after initial grading. 

(5) Sediment Retention: Surface water collected from disturbed areas of the site shall 
be routed through a sediment pond or trap prior to release from the site (Section 
5.4.5). An exception is for areas at the perimeter of the site with drainage areas 
small enough to be treated solely with perimeter protection (Section 5.4.3). Also, if 
the soils and topography are such that no off-site discharge of surface water is 
anticipated up to and including the developed 2-year, 24-hour design storm, . 
sediment ponds and traps are not required. No discharge up to and including the 
developed 10-year, 24-hour design storm shall be required if the project size, 
expected timing and duration of construction, or downstream conditions warrant a 
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higher level of protection (see the introduction to Section 5.4.5). At the county's 
discretion, sites may be worked during the dry season without sediment ponds and 
traps if there is some other form of protection of surface waters, such as a 
100-foot, forested buffer between the disturbed areas and adjacent surface waters. 
Protection of catch basins Is required for inlets that are likely to' be impacted by 
sediment generated by the pr,oject and that do not drain to an on-site sediment pond 
or trap. Sediment retention facilities shall be installed prior to grading of any 
contributing area. 

(6) Surface Water Corn: All surface water from disturbed areas shall be Intercepted, 
conveyed to a sediment pond or trap, and discharged downslope of,any disturbed 
areas (Section 5.4.6). An exception is for areas at the perimeter of the site with 
drainage areas small enough 10 be treated solely with perimeter protection (Section 
5.4.3). Also, if the soils and topography are such that no off-site discharge of 
surface :water is anticipated ,up to and including the developed 2-year, 24-hour' :. 
.design storm, surface water controls are not required. No discharge up to and .-. - 
including the 10-year, 24-hour design storm shall be required if the project size, 
expected timing and duration'of construction, or downstream conditions warrantta 
higher level of protection (see the introduction to Section 5.4.5). At the coun ty '~~ '~  
discretion, sites may be worked during the dry season without surface water 
controls, if there is some other form of protection of surface waters, such as a '.:;;.. 
1 00-foot, forested buffer between the disturbed areas and adjacent surface waters. 
Significant sources of upslope surface water that drain onto disturbed areas shall:b;bi 
intercepted and conveyed to a stabilized discharge point downslope of the disturbed 
areas.. Surface water controls shall be installed concurrently with or immediately 
following rough grading. 

I ,  
(7) Dust Control: Preventative! measures to minimize the wind transport of soil shall be 

taken when a'traffic hazard may be created or when sediment transported by widd 
,.. . 

is likely to be deposited in water resources (Section 5.4.7). I, . 
, . '  

(8) Yet . S w n  CongtLyctioq: Any site with exposed soils'during the wet season , 

(October 1 to March 31 shall be subject to the special provisions in Section 5.4.8. 
In addition to the cover requirements in minimum requirement 2, these provisions: 
include covering any newly seeded areas with mulch and identifying and seeding as 
much disturbed area as pogsible the first week of October in order to provide grass. 
cover for the wet season. 

(9) Construction within Senstt 
. . 

~ve  A r w  and B u f f ~ :  Any construction that will result, 
in disturbed areas on or within a stream or associated buffer, a Class 1 or 2 wetland 
or associated buffer, or within 50 feet of a lake shall be subject to the special " "" 
provisions of Section 5.4.9. These provisions include, whenever possible, phasing'( 
the project so that construction in these areas is limited to the dry season. Also, 
more conservative BMPs shall be considered by the design engineer in order to , 
protect surface water quality. The county may require more conservative BMPs, 
including more stringent cover requirements. Any project proposing work within 50 
feet of a steep slope hazard area shall evaluate the need for diverting runoff that in 

might flow over the top of the slope. 

(10) Mntenanw: All TESC measures shall be maintained and reviewed on a regular 
basis as prescribed in the maintenance requirements for each BMP and Section 3 ,  
5.4.10. A TESC superviso~ shall be designated by the applicant and shall be 
responsible for maintenance and review of TESC and for compliance with all permj4 
conditions relating to TESC. The TESC supervisor must be available for rapid 
response to TESC problems: For minor projects, the applicant may serve as the 
TESC supervisor. The name, address, and phone number of the TESC supervisor 

I 
I 

"';t4 
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shall be supplied to the county prior to the start of construction. A sign shall be 
posted at all primary entrances to the site identifying the TESC supervisor and their 
phone number. The requirement for a TESC supervisor does not relieve the 
applicant of ultimate responsibility for the project and compliance with county code. 

The site shall be reviewed by .the TESC supervisor at least once a month during the 
dry season, weekly during the wet season, and within 24 hours of significant 
storms. The county can require that a written record of these reviews be kept 
on-site with copies submitted to DDES within 48 hours. The county can'also 
require that the applicant designate a TESC supervisor with demonstrated 
experience in TESC to perform these reviews and to be responsible for TESC. 

(1 1 ) Final Stabilization: Prior to obtaining final construction approval, the site shall be 
stabilized, the structural TESC measures, such as silt fences and sediment traps, 
removed, and drainage facilities cleaned (Section 5.4.1 1). The removal of TESC 
measures is not required for those projects, such as plats, that will be followed by 
additional construction under a different permit. In these circumstances, the need 
for removing or retaining the measures must be evaluated on a site-specific basis. 

TESC lmplementatlon 

The first step in controlling erosion and sedimentation is the preparation of a TESC plan that .. . 
includes a detailed construction sequence by the design engineer and that complies with the 
minimum requirements (Section 2.3.2.4). All TESC measures shall conform to the details and ,. 

specifications in Chapter 5 of this manual, unless an alternative is approved by King County 
(Section 5.5). Large, complex projects may be required by the county to phase construction and to 
submit multiple TESC plans for the different stages of construction. Development of new TESC 
plans is not required for changes that are necessary during construction. 

The second step in controlling erosion and sedimentation is to install the BMPs as per the approved 
TESC plan. However, the TESC plan will usually only be directly applicable to site development in 
the early stages of clearing and grading due to changing site conditions. The third step in 
controlling erosion and sedimentation is to maintain and' modify the TESC measures as the site 
conditions change so that the site is always in compliance with the minimum requirements and 
Chapter Five. 

TESC Performance 

The TESC measures shall perform so that no sediment larger than silt (#200 sieve, 0.075 mm) 
leaves the site or enters on-site wetlands, streams, or lakes. "Leaves the site" shall be interpreted 
liberally. .For example, if the standard is applied to individual lots within a subdivision, it may, 
depending on the site, be appropriate to apply the standard a t  the outlet of the drainage system 
rather than at the edge of the lot. If the site does not meet this standard, any measures or areas 
that do not comply with the minimum requirements shall be brought into compliance. If the 
standard is exceeded, even though the site is in compliance with the minimum requirements, the 
county may require additional measures. Additionally, if at any time the county determines that the 
existing construction site may pose a hazard to adjacent property or may adversely impact drainage 
facilities or water resources, even though the performance standard is being met, the county can 
require measures beyond those in the minimum requirements. The county can require that the 
TESC supervisor have a #200 sieve on-site. 

It should be noted that even if the performance standard is met, the project must still be in 
compliance with the eleven minimum requirements. The performance standard is intended 
to be used to pinpoint problems, not to measure success. Most projects will be able to 
easily meet the performance standard if the project is in compliance with the minimum 
requirements. 

There are some projects that may be able to meet the intent of this Core Requirement while varying 
from the minimum requirements. If a project is designed and constructed such that it meets the 
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intent of this Core Requirement, the coun'ty may determine that strict adherence to the minimum 
' requirements is unnecessary. A variance is not required in these circumstances. Certain types of 

projects are particularly likely to warrant this greater level of flexibility. Road and utility projects 
often pose difficult erosion control challenges because they frequently cross surface waters, and 
narrow right-of-way8 constrain areas available to treat and store sediment-laden water. Because of 
'these factors, road and utility projects are allowed greater,flexibility in meeting the intent of this 
core requirement' (Section 5.6). Projects that, due to site conditions or projeci scope, pose a very 
low risk of erosion or sediment transport may also warrant greater flexibility. For instance, projects 
on relatively flat, well-drained. soils, projects that are constructed in closed depressions, or projects 
that only disturb a small percentage of a forested site may be able to meet the intent of this 
requirement with very few TESC measures. More information on intent and general TESC 
principles to which .every project shall adhere are contained in Sections 5.1 and 5.2. 

Other TESC Requirement8 

As part of the implementation of the National ~ollutant Discharge Eliminstion System (NPDES), 
projects.that will disturb more than five acres of total area must apply for coverage under the f '  , 

Washington State Department of Ecology's Baseline General Permit for Stormwater (Section 5.7)'; - 
The five acre threshold applies even if the five acres are to be disturbed in phases, as long as the 
construction is "part of a larger common plan of development orsale." 



K I N G  C O U N T . Y ,  W A S H I N G T O N ,  S U R F A C E  W A T E R  D E S I G N  M A N U A L  

1.2.6 CORE REQUIREMENT #6: MAINTENANCE AND OPERATION 

Maintenance and operation of all drainage facilities is the responsibility of the applicantlproperty 
owner in compliance with King County maintenance standards (see Maintenance Requirements for 
Privately Maintained Drainage Facilities, Appendix A), except those facilities that the King County 
Public Works Department is granted an easement or covenant and assumes maintenance and 
operation of as described below. 

Facilities for Which the King County Public Works Department Assumes Maintenance and Operation 
Two Years After Construction Approval 

The King County Public Works Department will assume maintenance and operation of drainage 
facilities1° for: 

(1) formal Plat Subdivisions and Planned Unit Developments except where drainage 
facilities are approved by King County to be maintained by approved homeowners 
associations; AND 

(2) Short Plat Subdivisions where drainage facilities serve more than one residential lot. 

King County will assume maintenance and operation of these facilities two years after final 
construction approval by the BALD Division' and an inspection by the SWM Division to assure the 
facilities have been properly maintained and operating as designed. 

Facilities for Which King County Public Works Department Does Not Assume Maintenance and 
Operation 

The SWM Division may inspect these privately-maintained facilities for compliance with the 
Maintenance Requirements for Privately Maintained Drainage Facilities described in Appendix A. If 
the property owner(s) fail to maintain their facilities to the acceptable standards, the SWM Division 
may issue a written notice specifying the required actions. If these actions are not performed in a 
timely manner, the SWM Division may enter the property to perform the actions needed and bill the 
property owner for the cost of the actions. In the event a hazard to public safety exists, written 
notice may not be required. 

A copy of the Maintenance and Operation Manual, submitted as part of the permit application (see 
Section 2.3.1 1, shall be retained on-site, and shall be transferred with the property to the new 
owner. A stainless steel plate shall be permanently attached inside the principle control structure;". 
Engraved information on the plate shall include: 

Name and file number of project 
Name and company of 1)  Developer, 2) Engineer, and 3) Contractor 
Date constructed 
Date of manual used for design 
Release rate and design storm 
Release mechanism size, type and invert elevation 
List of stage, discharge and volume at one foot increments 
Elevation of overflow 

lo NOTE: King County does not assume maintenance of lot drainage systems or drainage stub-outs serving single- 
family residential lot downspout, footing, or yard drains. 



1.2.7 CORE REQUIREMENT #7: BONDS AND LIABILITY 

All drainage facilities constructed or modified for permits requiring.engineering plans' must observe 
t h e  bond and liability requirements of King County Code 9.04.1 00. There are two bonding 
procedures for projects constructing drainage facilities. The drainage facilities restoration and site 
stabilization bond and the maintenance and 'defect bond. 

Prior to commencing construction, the person required to construct the drainage facilities pursuant 
to the K.C.C. 9.04,050 posts a drainage facilities ,restoration and site stabilization bond. This bond 
must be an amount sufficient to cover the cost of corrective work on or off the site ,performed 
specifically for the given project. Before King County will release the project's restoration and site. 
stabilization bond, the applicant .must: 

(1 Construct the drainage system facilities and receive final construction approval from 
the BALD Division. 

(2) , Pay all required fees. , 

In addition, for any drainage facilities to be maintained and operated by King County Public Works 
Department, the applicant must: 

(1 ) . .Post a maintenance Dnd defect bond for a period of two years. 

(2) ' Maintaiil the drainage facilities during the two year period following.posiing of the.' 
maintenance and defect bond. 

Before King County will release the maintenance and defect bond and assume maintenance and .'f 
operation of the facility, the applicant must: ' .,(! 

. 

(1 Record the final plat. ,e 

(2) Dedicate to King County, and establish boundary survey stakes.for all property . 
tracts'and easements containirig facilities to be maintained by King County. - 3 F t  

(3) Receive a final inspection by the SWM Division,to assure the drainage facilities have 
been properly maintained andlare operating as designed. 

(4). Correct any defects noted in the final inspection. . .. 
. . 
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SPECIAL REQUIREMENTS 

in addition to the seven Core Requirements, twelve Special Requirements may apply to a proposed 
project. Each set of requirements below is preceded by the conditions in which the requirements apply 
its "threshold." Most thresholds can be assessed and the special requirements determined in advance of 
formal engineering plan preparation. Other thresholds may require a special study before a 
determination can be made as to the application of a Special Requirement to a proposed project. 

The twelve Special Requirements are: 

(1) Critical Drainage Areas 

(2) Compliance with an Existing Master Drainage Plan 

(3) Conditions requiring a Master Drainage Plan 

(4) Adopted Basin or Community Plans 

(5) Speciai Water Quality Controls 

(6) Coalescing plate oil/water separators 

(7) Closed 'Depressions 

(8) Use of Lakes, Wetlands or Closed Depressions for Runoff Control 

(9) Delineation of the 100 year Floodplain. 

(10) Flood Protection Facilities for Type 1 and Type 2 Streams 

(1 1) Geotechnical Analysis and Report 

(1 2) Soils Analysis and Report 
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. 1.3.1 SPECIAL REQUIREMENT #I: CRiTlCAL DRAINAGE' AREAS 

King County Code 9.04.060 provides the authority to establish critical drainage areas within whlch any 
proposed projects must comply with the special requirements. 

. Threshold Peaulrement 

IF a proposed project lies within a THEN the proposed project drainage 
designated critical drainage area as review and englneerlng plans shall be 
Indicated on Critical Drainage Area prepared in accordance with the speclal 
maps at the BALD Division Permit critical dralnage area requirements that 
Center. . . have been formally adopted by public 

rule (see Reference Sectlon). 
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SPECIAL REQUIREMENT #2: COMPLIANCE WITH AN EXISTING MASTER DRAINAGE PLAN 

Master Drainage Plans (MDP's) are comprehensive dralnage system plans which are prepared for Master 
Planned Developments (MPD's) or other large proposed projects as described below in Special 
Requirement $43. These plans require more comprehensive hydrologic, geologlc, and environmental 
analysis than a drainage plan normally required for a smaller project. 

Threshold Peaulrement 

IF a proposed project lies within an area THEN the proposed project's drainage 
covered by an approved Master review and engineerlng plans shall be 
Drainage Plan as listed at the BALD prepared in accordance with any 
Divlslon Permit Center. . . special requirements of the Master 

Dralnage Plan. 



. . 

'1.3.3 SPECIAL REQUIREMENT #3: CONDITIONS REQUIRING A MASTER DRAINAGE PLAN 

IF a proposed project:. 

(a) is a' Master Planned Development 
(MPD) as described in an adopted 
Community Plan; OR 

(b) is a' subdivisidn or Planned Unit 
Development (PUD) that will 
eventually have .more than . 
1 00 single-family residential lots 
and encompasses a contiguous 
drainage subbasin of more than 
200 acres; OR 

THEN a Master Drainage Plan (MDP) 
must be prepared. Approval of the 
MDP is required prior to permit 
approval. The MDP generally shall be 
required to address the objectives, 
criteria and contain the components 
listed in Appendix B. 

(c) is a commercial development or 
Planned Unit Development (PUD) 
that will eventually construct 
more than 50 acres of impervious 
surface; OR 

(dl will clear an area of more than 
500 acres within a contiguous 
drainage sub-basin ... . 
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1.3.4 SPECIAL REQUIREMENT #4: ADOPTED BASIN OR COMMUNITY PLANS 

King County Council adopts Basin and Community Plans to provide for the comprehensive 
assessment of resources and the needs to accommodate growth, while controlling adverse impacts 
to the environment. Following collection of hydrologic, physiographic, and land use data and 
analysis by computer modeling, a final Basin Plan may recommend land.use, regional capital 
projects, and special drainage requirements for proposed projects within the area covered by the 
Basin Plan. Community plans may also contain some special drainage requirements through "P- 
Suffix" zoning designations. 

Threshold fleauirement 

IF a proposed project lies within an THEN the proposed project drainage 
area with an adopted Basin or review and engineering plans shall be 
Community Plan as listed at the BALD prepared in conformance with the 
Division Permit Center. . . special requirements of the adopted 

Basin Plan or Community Plan (see 
Reference section). 

When the adopted Basin or Community Plan does not specify requirements for drainage review and 
engineering plans, the requirements of this manual, the Surface Water Design Manual, shall be 
followed. 

Some information regarding ,Basin and Community Plans is in Reference Sections 1 A and 1 B of this 
manual. Copies of all a'dopted Basin and Community Plans are available for reference at the BALD 
Division Permit Center. 

Examples of the special drainage and engineering plan requirements which are sometimes imposed . 

by these plans include: 

(1 1 stream buffers wider than normally required by the Sensitive Areas Ordinance and 
Rules 

(2) stricter flow quantity control, such as design to a different frequency storm event 

(3) ' more extensive water quality controls 

(4) groundwater recharge 

(5) discharge to a constructed regional detention facility 

Some special requirements mandated by Basin Plans may reduce the standard detention 
performance requirements, such as when on-site detention for the less frequent events (1 0-year or 
100-year) .is waived for certain subcatchments within a basin. i - 

Variances for specific drainage requirements mandated by Basin Plans are pursued through the : 

Design Manual variance process described in Section 1.4. Variances for development requirements 
specified under Community Plans through "P-Suffix" zoning designations require a zoning variance 
that has been reviewed by qualified staff. When a requirement is specified under both a 
Community Plan and a Basin Plan, only a zoning variance will be required. 



1.3.5 SPECIAL REQUIREMENT #5: SPECIAL WATER QUALITY CONTROLS 

Threshold 

IF any threshold discharge area1' of 
the proposed project contains more 
than 1 acre of new impervious 
surface that will be subject to 
vehicular use or storage of chemicals 
and: 

(a) proposes direct discharge of 
runoff to a regional facility, 
receiving water, lake, wetland, or . 
closed depression without on-site . 
peak rate runoff control; OR. 

(b) proposes. discharge of runoff 
,through overland flow or on-site 
infiltration into a Class 1 or 2 
stream, or Class 1 wetland, within 
one mile radius downstream from 
the project site. 

Reauirement 

THEN the threshold discharge area" 
shall have a wetpond meeting the 
standards described below employed 
(in addition to peak rate control ' 

requirements) to treat a project's + 

runoff prior to discharge from the site. 
A wetvault or water quality swale, as 
described below, may be used when a 
wetpond is not feasible because of 
physical site constraints or impacts to 
sensitive areas. 

Wetponds or Wetvault 

Wetponds and Wetvaults contain a permanent pool of water depending on the frequency and 
quantity of inflow, and (for Wetponds) the rate of permeability of the underlying soil. The 
Wetponds and Wetvaults fill with the, initial onset of frequent storms such that the major portion of 
the volume of runoff is treated. The principal mechanism of treatment is settlement due to 
establishment of calm conditions. In Wetponds.treatment is enhanced by the mechanisms of 
biofiltration and biologic activity. , 

The size (water surface area, and volume) of t'he Wetpond or Wetvaults shall be determined as 
follows: 

(1) The design water'surface area in the Wetpond or Wetvault shall be aminimum of 
one percent of the impervious surface area in the drainage sub-basin contributing 'to 
the facility; . . 

, : .  

(2) 
' 

The design volume of the Wetpond or Wetvault shall be a minimum of the total . ' 

volume of runoff'kee Chapter 3: Hydrologic Analysis) from ,the tributary sub-basin 
proposed developed conditions using -a water quality design storm event having a 
total precipitation (Pt-wq), where Pt-wq is one-third of the two-year, 24-hour total 
precipitation (P,/3, P, is obtained from Figure 3.5.1 C). This water'quality design 
storm event approximates.the runoff'from the mean annual storm event. 

Other design criteria are found in Section 4.6.2. 
' 

r r 
l '  A threshold discharge area is an on-site area which drains to a single natural discharge location 

or multiple natural discharge locations that cdmbine within 114-mile downstream. 
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Water Quality Swale 

Water Quality Swales treat runoff by acting as filters for the runoff from frequent storms. The 
principal mechanism of treatment is slowing of particles to which pollutants are attached allowing 
them to settle out. This treatment is enhanced by the "taking-up" of the dissolved fraction of 
pollutants by the vegetation. 

The Water Quality Swale shall be designed based on the following criteria: 

(1 1 The Water Quality Swale width and profile must be designed to convey the peak 
runoff for the 2-year, 24-hour design storm event for the tributary sub-basin 
proposed developed conditions at a maximum design depth of 0.25 foot and 
maximum design velocity of 1.5 foot per second, designed using a Mannings "nn 
value of 0.35, having minimum of 3:1 side slopes, and providing a minimum of one 
foot of freeboard above the design water surface. 

(21 Above the peak runoff for the 2-year, 24-hour duration design storm event for the 
proposed developed conditions, runoff must bypass the Water Quality Swale in a 
separate conveyance to the point of discharge. A mechanism must be provided at 
the bypass point to allow the water quality swale to be manually taken "off-line" 
for maintenance and repair. 

(3) The design length of the Water Quality Swale shall be 200 feet for each 5 acres of 
impervious surface subject to vehicular use or storage of chemicals in the tributary 
drainage sub-basin. 

Hydraulic analysis and design standards for Wetponds and Wetvaults, and Water Quality Swales 
can be found in Section 4.6 of Chapter 4: Hydraulic Analysis and Design. 
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1.3.6 SPECIAL REQUIREMENT #6: COALESCING PLATE OlLlWATER SEPARATORS 

Threshold Peauirement 

IF a pr'oposed project will construct 
more than 5 acres of impervious 
surface in any threshold discharge 
area1? that will be subject to: 

(a) petroleum' storage or transfer; OR 
(b) high vehicular use (more than 

2,500 vehicle trips per day); OR 
(c) heavy equipment use, storage or 

maintenance. .. 

THEN a coalescing plate, or 
equivalent, oillwater separator (as 
described below) shall be employed in 
the threshold discharge areaq2 to treat 
the project's runoff prior to treatment 
by a wetpond, wetvault, or water 
quality swale, andlor discharge from 
the project site (including infiltration). 

Coalescing plate .oil/water separators consist of a bundle of plates made of fibe'rglass or polypropylene 
installed in a concrete vault. The plates are closely spaced (not less than 314-inch apart) and are inclined 
at an angle of from 45" to 60" from horizontal. These plates improve the hydraulic conditions that --- 
promote removal of oil and'fine suspended sediments and assist in concentrating the pollutants for 
removal. Because of this enhanced removal efficiency, they require frequent inspection and maintenance 
to operate as designed. 

 he coalescing plate oil/watdr sepiirator shall be designed based on the following criteria: 

(1 )  The design flow rate for determining fhe quantity of runoff to be treated, and the required 
plate area, shall be the peak rate of runoff ,(Ow,) from the tributary drainage sub-basin 
proposed developed conditions. Q,, is determined using a water quality design storm event 
(computed using the methods described in Chapter 3: Hydrologic Analysis) having a total 
precipitation (PI.,,), where PI.,, is one-third of the 2-year, 24-hour total precipitation (P213, 
P, is obtained from Figure 3.5.1 C). This water quality design storm event approximates the 
runoff from the mean annual storm event. 

(2) Peak runoff in excess of Ow, must bypass the coalescing plate oillwater separator vault. A 
mechanism must be provided at the Gypass point to take the separator "off-line". 

(3) Coalescing plate oillwater separatois shall treat runoff .prior to discharge to special water 
quality control and/or peak rate runoff control facilities. 

Hydraulic analysis and design standards for coalescing plate oillwater separators are described in ," 

Section 4.6.4. 

l2 See Definition Section. 
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1.3.7 SPECIAL REQUIREMENT #7: CLOSED DEPRESSIONS 

Closed depressions are low-lying areas which have no, or such a limited, surface outlet that in most 
storm events .the area acts as a retention basin, holding water for infiltration into the ground or 
evaporation into the air. By their nature many closed depressions may contain wetlands which will 
require projects to meet the requirements of the Sensitive Areas Ordinance and Rules. 

IF a proposed project will discharge THEN the project must meet the 
runoff to an existing closed requirements below: 
depression that has greater than 
5,000 square feet of water surface 
area at overflow elevation. . . 

(1 1 when a closed depression is contained solely on a project site, the ponded volume 
of rainfall previously contained by the closed depression for the 100-year, 24-hour 
duration or the 100-year, 7-day duration design storm events, whichever is greater 
must be retained in dead storage on-site; AND 

(2) the volume of runoff from the proposed project to any off-site closed depression 
must not increase, for the 2-, lo-, and 100-year, 24-hour duration, and the 100- 
year, 7-day duration design storm events, except as allowed under the conditions of 
Special Requirement #8: Use of Lakes, Wetlands or Closed Depressions for Peak 
Rate Runoff Control. 

On-site infiltration and retention are the, two potential mechanisms that may assist in satisfying 
these requirements. Section 3.6 provides additional discussion on how to apply the hydrologic 
analysis to meet these requirements. Section 4.5 contains the analysis and design of infiltration 
systems. I 

Potential overflow routes shall be analyzed to address potential adverse impacts per Core 
Requirement #2: Off-Site Analysis in Section 1.2.2. 
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1.3.8 SPECIAL REQUIREMENT #8: USE OF LAKES, WETLANDS. OR CLOSED DEPRESSIONS FOR PEAK 
RATE RUNOFF CONTROL 

Threshold 

IF a project proposes to: THEN the project must: 

(a) use a lake, wetland or'closed 
depression for peak rate runoff 
control consistent with Core 
Requirement #3: Runoff Control; OR 

(b) use a lake, wetland, or closed 
depression to receive a direct 
discharge consistent with an 
exemption from Core Requirement #3: 
Runoff Control; OR 

(c) increase the volume gf runoff to 
an off-site closed depression . . . 

(a) meet all requirements of the 
Sensitive Areas Ordinance and 
Rules for such use; 

(b) include water quality controls 
consistent with Special 
Requirement #5: Special Water 
Quality Controls; AND 

(c) observe limits on any Increases to a ?  

the floodplain as described below. 

Sensitive Areas Ordinance 

As lakes and wetlands are sensitive,areas by definition, the rules contained.in the Sensitive Areas. 
Ordinance and Rules must be met, even if the particular water body was not included in the County 
Wetlands Inventory. m: review under the Sensitive Areas Ordinance may result in precluding 
the use of a lake,. wetland or closed depression as a retentionldetention facility in many cases. 

Water Quality Controls 

The controls specified under Special Requirement #5: Special Water Quality Controls in Section 
1.3.5 must be met if the proposed project will construct more.than one4(l acre of impervious 
surface that will be subject to'vehicular use or storage of chemicals. . . 

Floodplain 

The increased volume of runoff from the proposed project, (and the increased volume of runoff 
from the equivalent areal3 developed to the full zoning potential) may not increase the 100-year 
floodplain elevation of a lake, wetland, or. closed depression more than 0.01 feet unless: 

(1) The lake, wetland, or closed depression is contained totally on the proposed project site; 
. AND 

(2) There are no existing flooding problems; AND . , *. 11 

(3) The outlet control will be modified so that the peak rates of outflbw from the lake, wetland, 
or closed depression with construction of the proposed project will not increase for the 2-, 
lo-, or 100-year, 24-hour or 1 00-year, seven-day duration design storms, and to allow 
adjustment for future control of the entire tributary basin for full build-out developed runoff 
conditions (based on current zoning or community plan, whichever is the higher density 
use); AND 

l 3  The equivalent area is the area tributary to the receiving water body equal to or less than the.shortest, straight 
line,distance from the discharge point from the receiving water body (or regional facility) to the furthermost 
point of the proposed development. ' . , 
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(4) The applicant has secured drainage easements from all of the property owners abutting the 
lake, wetland, or closed depression for the change in the floodplain on their property and 
for access to the control structure; AND 

(5) All other permits required for such outlet control changes (such as a King County Shorelines 
permit and several of those from the other agencies listed in the beginning of this chapter) 
for such outlet control changes have been secured. 
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1.3.9 SPECIAL REQUIREMENT #9: DELINEATION OF 100 YEAR FLOODPLAIN ' 

Threshold 

IF a proposed project contains or . , THEN the 100 year floodplain ' 

abuts a stream, lake; wetland or a boundaries (and floodway, if 
closed depression, or if .other King available, or if development is 
County regulations require study of proposed within the 100 year 
flood hazards. . . floodplain), based on an approved 

flood hazard study as described 
below, shall be delineated on the site 
improvement plans and profiles, and 
on any final subdivision maps 
prepared for the proposed project. - 

Approved Flood Hazard Study 

If an approved flood hazard study exists, then it may be used as basis for delineating the floodplain 
and floodway boundaries provided it was prepared in a manner consistent with this Manual and 
other King County flood hazard regulations. If an approved flood hazard study does not exist then 
one shall be prepared based on the requirements described in section 4.3.8. 
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1.3.10 SPECIAL REOUIREMENT #lo: FLOOD PROTECTION FACILITIES FOR TYPE 1 AND 2 STREAMS 

Threshold Peauirement 

IF a proposed project contains or THEN the flood protection facilities 
abuts a Class 1 or 2 stream that has shall be analyzed and/or designed as 
an existing flood protection facility described below and to demonstrate 
(such as levees, revetment and conformance with the Federal 
berms), OR proposes to construct a Emergency Management 
new, or modify an existing, flood Administration (FEMA) regulations (44 
protection facility.. . . CFR). 

Minimum Analysis and Report 

The analysis and report shall at a minimum include the following: 

Conduct a field reconnaissance survey of the existing and/or proposed flood protection facilities 
area. Prepare a map locating and characterizing any existing flood protection facilities and the 
surrounding area. Such features as type and extent of existing soils, depositional materials, and 
evidence of erosion including scour, slumping and undercutting shall be noted.' Obtain subsurface 
soil data (if necessary) to perform the geotechnical analysis. 

Prepare a report which describes the existing geotechnical conditions and recommends design 
criteria and analytical approaches for design of the flood protection facilities. The analysis shall 
evaluate the stability of the existing andlor'proposed flood protection facilities to determine factors 
of safety against liquefaction'induced by earthquakes and embankment failure due to piping or 
rapid drawdown of the stream. 

In addition, the flood protection facilities shall be analyzed andlor designed in conformance with 
published Army Corps of Engineers standards. 

Access . ' ~ 

If not currently established, the property owner shall grant a 30 foot wide Flood Protection Facility 
Easement to King County from the top of bank (defined as the point of stability under existing or 
proposed conditions) or the sensitive area buffer boundary (defined by the Sensitive Areas 
Ordinance and Rules), whichever is further,, landward along the full frontage of the flood protection 
facilities, and construct a 15 foot wide access road (surfaced in conformance with the access road 
standards as described in section 4.4.4) within and along the landward edge of the Flood 
Protection Facility Easement. The access road shall be accessible for vehicular access from at least 
one point, through an easement granted to King County. This easement can be on the proposed 
project site or may be from connection to an existing, fully accessible access road on an adjacent 
site fronting the stream. 
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IF a project proposes to construct: . THEN a geotechnlcal analysis and 
report shall be prepared and stamped 

(1) a pond or an infiltration system by a geotechnlcal professional civil 
(excluding roof downspout or engineer that shall address at a 
dlsperslon system): mlnlmum the analysls described below. 

(a) within 200 feet from the top 
of a steep slope, OR 

(b) on a slope with a gradient 
steeper than 15 percent; 
OR 

(c) using a berm higher than 
6 feet. 

(2) or modify existing flood 
protection facilities . . . 

Mlnimuin Analysis arid Report 

The analysis and report shall at a minimum address the effects of groundwater interception and 
lnfiltratlon from,the pond, lnfiltratlon system, or. flood protection facllltles, in particular, the expresslon of 
seepage faces on steep slope, piping around outfall systems, lubrication of potential slip planes and 
changes In soil bearing strength due to saturation and Ilquefactlon. These potential adverse impacts 
shall be examined assuming normal gnd rare conditions, such as should the emergency overflow system 
be used during a 100-year, 24-hour duration design storm event due to plugged outlet pipe. In.addltlon, 
adverse impacts from the construction of the proposed facility shall be addressed. 

Based on the results of these analyses; an analysis evaluating the probability and consequences of 
failure shall be performed for the facility and the down slope areas that would be Impacted as the result 
of pond overflow and/or slope failure. 
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1.3.1 2 SPECIAL REQUIREMENT #I 2: SOILS ANALYSIS AND REPORT 

Threshold BBgLLirement 

IF the soils underlying a proposed 
project have not been mapped, or if 
the existing soils maps are in error or 
not of sufficient resolution to allow the 
proper engineering analysis of the 
proposed site to be performed . . . 

THEN a soils analysis and report shall 
be prepared and stamped by a 
professional civil engineer with 
expertise in soils to verify andlor map 
the underlying soils by addressing the 
minimum as described below. 

Minimum Analysis and Report 

The soils analysis and report shall, at a minimum, characterize and classify the underlying soils based on 
the SCS Classification system and soil texture method, identify any impacted areas containing expressions 
of groundwater interflow, and describe any special characteristics of the underlying soils that should be 
addressed by the proposed project. These special characteristics shall include, but not be limited to: load- 
bearing capacity; suitability for use as general site fill, roadway, and pond embankment materials; 
erodibility during construction; and the ability to support vegetation for stabilization. . 
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1.4 VARIANCE PROCESS 

This variance process is provided for the necessary occasions on which a proposed project justifies 
varying from one of the core or special requirements, or any other specific requirement or standard 
contained in the manual. Proposed variances should be approved prior to final permit approval. 

The follo&ing types of variances1 are provided to give flexibility to the,process and encourage 
innovation: 

Standard Variances: These are variances from the following design manual chapters and sections: 

0 Chapter 2, Plan Review Procedures (all sections) 

0 Chapter 4, Hydraulic Analysis and Design (Sections 4.1 through 4.51 

0 Chapter 5, Temporary Erosion and Sedimentation Control. Standards (all sections) 
.C?. 1 

Complex Variances: These are variances from the design manual chapters and sections listed :-, 

below. Complex variances typically require more in-depth review.because they frequently deal with 
requirements that affect basic county policies or other agencies. 

0 Chapter 1, Summary and Guide To All Requirements (All Sections) 

0'  Chapter 3, Hydrologic Analysis (All Sections) 

0 Chapter 4, Hydraulic Analysis and Design (Section 4.6) 

0 . ' , Appendix A, ~aintenanc'e Requirements for Privately Maintained Drainage Facilities 
" -5 .. 

0 Appendix B, Master Drainage Plan Objective, .Criteria Components and Review Process 

Preapplication Variances: This type of variance may be requested when the applicant needs a 
variance decision to determine wheth0r.a project is feasible, or if the results. are needed to 
determine whether a project is viable before funding a full application. The approval of 
preapplication variances is tied by condition to the project proposal presented at a preapplication; 
meeting with DDES. 

.v: 1 
Experlmentat Design Varlancss: This type of variance is used for proposing new designs or 
methods different from those in the manual, that are not uniquely site-specific, and where data 
sufficient to establish functional equivalence do not exist. 

Blanket Variances: This type of variance may be established by the county based on approval of 
any of the above-mentioned, variances that can be applied globally to design requirements 
independent of site conditions and can be applied routinely. Blanket variances are used to effect . 
minor changes or corrections to manual design requirements or to add new designs and 
methodologies to the manual. 

1.4.1 VARIANCE AUTHORITY 

.The Department of, Development and Environmental Services (DDES) shall have full authority' to 
determine if and what type of,variance is required for any project proposal subject to drainage 
review.' The authority, to grant variances is distributed as follows: 

0 DDES shall have full authority to approve or deny standard, complex, and preapplication 
variances. 

'Additionel Information on the above variancee and the verlanoe proceee can be found In Referenoe Sectione 101, 11 A, end 
118. 
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0 The SWM Division shall have full authority to approve or deny experimental desi~n variances. 

0 Both DDES and the SWM Division must approve blanket variances. 

At any time, variance authority may be transferred between DDES and the SWM Division through a 
memorandum or an amendment to the manual. This memorandum or amendment will include 
specific guidelines for deferral of variance authority. For information on specific deferrals of 
variance authority now in effect, see Reference Section 11 6, Interim Changes to Requirements: 

. Administrative Changes. 

1.4.2 CRITERIA FOR GRANTING VARIANCES 

Variances from the requirements described in this manual may be granted provided that granting 
the variance will: 

0 produce a compensating or comparable result that is in the public interest; AND 

0 meet the objectives 'of safety, function, appearance, environmental protection, and 
maintainability based on sound engineering judgment. 

Where it has been demonstrated that meeting the criteria for producing a compensating or 
comparable result will deny reasonable use of a property, the applicant shall produce the best 
practicable alternative as determined by the director of DDES. The director or hislher designee ,. 
shall assess the case to affirm that denial of reasonable use would occur and require a best 
practicable alternative that best achieves the spirit and intent of the requirement. DDES staff shall 
provide recommendation to the director on the best practicable alternative to be required. 

Granting any variance that would be in conflict with the requirements of any other department will 
require review and concurrence with that department. 

Special Criteria for Experimental Water Quality Facilities 

Experimental design variances that request the use of experimental water quality facilities will be 
approved by SWM on a limited basis if, upon evaluation, SWM agrees that the following criteria are 
met: 

0 The new desi~n is likely to meet the identified target pollutant removal goal based on limited 
data and theoretical considerations; 

0 Construction of the facility can, in practice, be successfully carried out; 

0 Maintenance considerations are included in the design, and costs are not excessive or are borne 
and reliably performed by the applicant or the property owner; and 

0 A share of the cost of monitoring to determine facility performance is contributed by the 
applicant or property owner. 

Conditions for approval for these variances may include a requirement for setting aside an extra 
area and bonding for construction of a conventional facility should the experimental facility fail. 
Once satisfactory operation of the experimental facility, is verified, the set aside area could be 
developed and the bond released. 

1.4.3 VARIANCE REQUEST APPLICATION PROCESS 

Standard and Complex Variances 

0 Proposed variances should be approved prior to final permit approval, 
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0 The completed variance request application forms must be submitted to DDES, along with 
sufficient engineering information (described in Chapter 21, in .order for the request to be 
evaluated; The application shall note the specific requirement from which the variance is 
sought. A sample variance request application is provided at the end of this section. ' 

0 If the variance' request involves the use of a previously unapproved construction material or 
construction practice, the applicant sho~ild submit documentation that includes, but is not 
limited to, a record of successful use by other agencies and/or evidence of meeting criteria for 
quality and performance such as that for the American Association of State Highway and 
Transportation Officials (AASHTO) and the American Society of Testing and Materials (ASTM). 

0 A fee reduction may be requested if it is demonstrated that the variance request requires little 
or no engineering review. See Reference Section 101: Fee Reduction for more details, 

Preapplication Variances 

The application process is the same as for standard and complex variances, except that request6 1 
will be.accepted prior to permit application, and then only if: ..-. 

0 the applicant provides justification at a breapplication meeting with DDES that 'a variance 
decision is needed to deterniine the viability of the proposed project, AND 

0 sufficient engineering inforination to evaluate the request is provided. 

Experimental Design Variances 

The application process is the same asfor standard and complex variances, excdpt that requestif 
will be accepted prior to permit application. . . i+<' 

1 

1.4.4 VARIANCE REQUEST REVIEW PROCESS ! .  

Standard and Complex Variances 

0 DDES staff will review the variance request application forms and documentation for 
completeness and inform the applicant in writing within 15 working days as to whether , , 

additional information is required from.the applicant in order to complete the review. The . .  
applicant will also be informed if DDES has determined that special technical support is required 
from the SWM Division in cases where the variance involves a major policy issue or potentially 
impacts a SWM drainage facility. 

0 The SWM Division will respond to requests for technical support from DDES within 15 working 
days following receipt of all necessary information from the applicant. 

0 The Land Use Services Division Managerldesignee or Building Services Division 
Managerldesignee of DDES will review and either approve or deny the variance request in ; 
writing within 15 working days following receipt of all necessary information from the 
applicant. This may be extended to 30 working days if SWM technical support is deemed a 

necessary. 

0 Approvals of standard and complex variances will expire upon expiration of the permit to which 
they apply. 

Preapplication Variances 

The review process is the same as standard and complex variances, except that approvals will {,., , 
expire one year after the approval date, unless a complete permit application is submitted and i!. 
accepted. 
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Experimental Design Variances 

0 DDES staff will refer requests for experimental design variances to SWM Division staff along 
with recommendations, if any, within 15 working days of submittal. 

0 Upon receipt of the request from DDES, SWM staff will review the submitted material and any 
DDES staff recommendations, and inform the applicant within 15 working days as to whether 
additional information is required in order to complete the review. The applicant will also be 
informed as to how much time is estimated by SWM to complete its review. 

0 The SWM division manager will review and either approve or deny the variance request in 
writing. 

1.4.5 APPEAL PROCEDURE 

The applicant may appeal the denial of a variance request or appeal the variance decision by 
submitting a formal letter, within 15 working days of the decision, to the director of the 
department in which the decision was made. This letter must include justification for review of the 
decision along with a copy of the variance request with the conditions (if applicable) and a listing 
of all previously submitted material. The department director or designee shall respond to the 
applicant in writing within 15 working days. The decision shall be final. 

Blanket variances will each be established by memorandum between DDES and SWM based on: 

0 a previously approved standard, complgx, preapplication, or experimental design variance and 
supporting documentation, AND 

0 information presenting the need for the blanket variance. Typically, blanket variances should 
apply globally to design or procedural requirements and be independent of site conditions. 

Both DDES and SWM must approve a blanket variance (see Reference Section 11A, Interim 
Changes to Requirements: Blanket Variances.) 



King County 
Dept. of Development end Environmentel Services 
Land Use Services Division 
3600 136th Place Southeast 
Bellevue, Washington 98006-1400 

INSTRUCTIONS TO APPLlCANTlDESlGN ENGINEER: 
Please be sure to include all plans, sketches, photos and maps which may assist in complete review and consideration of this variance request. Failure to 
provide all pertinent information may result in delayed processing or denial of your request. Please submit this reauest and a~~l icable fee to the Intake Counter, 
at Eastpointe Plaza Building, 3600 - 136th Place Southeast, Bellevue, WA 98006-1400. For additional information, phone 296-6600. 

Project Name: 

Project Address: , 

Applicant: Phone: 

Signature: Date: 

Address: City, State, Zip Code: 

DESCRIPTION OF VARIANCE REQUEST: Standard 1 Compbx 1 Experimental Blankst Re-appnoatbn 

DDES File No. DDES EngineerlPlanner Name: 

Design Engineer: Phone: 

Signature: Date: 

Engineering Firm Name: 

Address: City, State, Zip Code: 

APPLICABLE SECTION(S1 OF STANDARDS: 

JUSTIFICATION (see attachments. pages - to -1: 

AUTHORIZATION SIGNATURES: 

I DDES Director/Deslgnee Determination: I 
I 1 Approval Condltlonal Approval (see below) 1 Denial I 
I SWM Approval Signed: Date: (Experimental & Blanket variances only) I 

CONDITIONS OF APPROVAL: 

ORIQINAL: DOES FUe-whh [ ] COPIES TO: SWM Dlvlelon-Hnk [ ' I  DDES Inepectlon-Canay I ] AppIcent-Qddenmd I I Deelgn Engineer-Omen I 1 

1 See attached Memo Dated: 

DDES, Land Uee Servloes Divlslon, Engineering Review Supervlsor: 

Signed: Date: 

DDES, Bldg. Serv. Div., Site Engineering & Planning Supervieor: 

Signed: Date: 
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CHAPTER 2 
PLAN REVIEW 
PROCEDURES 

KING COUNTY, WASHINGTON 
SURFACE WATER 
DESIGN MANUAL , 
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CHAPTER 2 
PLAN REVIEW 
PROCEDURES 

Section 2.1 Building and Land Development 
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Section 2.1.1 Preliminary Plans Submittal 
Section 2.1.2 Engineering Plans Submittal 
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Permit Issuance 
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Section I1 Preliminary Conditions Summary 
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Section IX Erosion/Sedimentation Control 

Design 
Section X Bond Quantities Worksheet, 
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of Covenant 
'"f Summary Sheet, and Dec aration 
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Manual 

Section 2.3.2 Site Improvement Plans 

Site Improvement Plan Base 
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Site Plan and Profiles 
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Section 2.3.3 ErosionISedimentation Control Plan 

Section 2.4 Final Plat Recording Document 
Specifications 

Section 2.4.1 Regular Subdivisions, PUD's and 
Bindin Site Plans 

Section 2.4.2 Short 1 lats 
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CHAPTER 2 
PLAN REVIEW PROCEDURES 

This chapter details the required procedures for the submittal of the drainage aspects of engineering plans 
as part of a permit application to the King County Building and Land Development (BALD) Division. Taking 
care that your plans comply with these formats and plan specifications will facilitate review and approval, 
with a minimum of time-consuming corrections and resubmittals. 

The intent of these procedures is to present consistent formats for the engineering plans and the technical 
support data required to develop the plans. These conventions are necessary to review,engineering plan 
designs for compliance with King County ordinances and regulations and that the intent of the plan is 
easily understood and implemented in the field. Properly drafted engineering plans and supporting 
information will also facilitate the construction, operation and maintenance of the proposed system long 
after its review and approval. 

Please note that this chapter primarily describes to submit drainage plans for review - what must be 
submitted, in what formats, at what times, to what offices. The design requirements that these plans 
must address are contained in Chapter 1 "Summary and Guide to All Requirements." The specific design 
methods and standards to be used are contained in Chapters 3, 4 and 5. 

Several key forms used in the Plan review process are reproduced in Reference Section 10, "Plan Review 
Procedures Forms and Worksheets". The review process and submittal requirements for different types of 
development are contained in the Reference Section with the exception of Master Drainage Plans which 
are contained in Appendix B. For detailed information on specific requirements on any permit type, and the 
appropriate submittal location, please refer to the Development Assistance Bulletins prepared by BALD for 
this purpose. 

2.1 BUILDING AND LAND DEVELOPMENT DIVISION REVIEW PROCESS 

The BALD Division is responsible for the review of all engineering aspects on private development 
proposals. Drainage review is a primary concern of engineering design. This section outlines the 
processes involved in submitting engineering plans to the BALD Division. Details on the review 
process and how it varies with the type of development permit are presented in the Reference 
Section. 

Submittals - The initial submittal of any type of permit application shall include: 

(1 1 documentation on how the Core and Special Requirements apply to the project; AND 

(2) a downstream analysis (Core Requirement #2: Off-Site Analysis); AND 

(3) an environmental checklist; AND 

(4) additional requirements specific to the permit type. 

All preliminary and engineering plans and specifications must be stamped by a professional civil 
engineer registered in the State of Washington. All reproductions of site improvement plans and 
the cover page of copies of the Technical Information Report submitted must be signed and dated 
by the professional civil engineer approving the design. 

All land boundary surveys used, and legal descriptions prepared, for preparing preliminary and 
engineering plans must be stamped by a professional land surveyor registered in the State of 
Washington. Topographic survey data and mapping prepared specifically for a proposed project 
may be performed by the professional civil engineer stamping the engineering plans as allowed by 
the Washington State Board of Registration for Professional Engineers and Land Surveyors. 



2.1.1 PRELIMINARY PLANS SUBMITTAL 

Preliminary plans are submitted' as part of the initial application. The supporting documents , , 

specified in Section 2.2.1 must accompany the preliminary plans. 

Preliminary plans are not required for certain permits. For these permits the initial submittal to the 
BALD Division is a set of engineering plans. See the .Reference Section for the current permit 
application process. The BALD Division may also require a conceptual drainage design to address , 

any drainage concerns (such as wetlands, steep slopes, floodplains, etc.) identified on the plan or 
through site visits. The components of this design will vary from project to project, but always will 
consist of elements of the Technical Information Report, such as "Project Overview", "Off-site 

' Analysisw, "Conveyance System Analysis and Design",.,etc., described in Section 2.2. 

An engineering plan will be required if: 

o a hydrologic, geotechnical, or soils analysis is required; OR 

o new drainage facilities must be constructed, or existing drainage facilities modified; OR 

0' site restrictions (such as building setback lines, floodplain limits and drainage easements) are 
required. 

, . 

The drainage portion of engineering plans shall consist of: > .  
.C. 

o a Technical Information Report (TIR) (specified in section 2.3.11, AND , .. 
, , I '  

o a set of Site Improvement Plans (specified in Section 2.3.2) LV- I 

Exemotion: Less stringent requirements apply to certain individual Residential Building Permits and 
to Short Plats, as described in Section 2.3. . 

Refer to the Development- Assistance Bulletins and the Reference Section for specific details on 
requirements, such as the slibmittal and expiration periods set for each type of permit application 
and the applicable review fees. 

Prior to plan approval, the BALD Division will make a set of reproducible mylars, cost to be paid by 
the applicant, and return the original set to the applicant's engineer. The BALD Division will retain 
this reproducible, utilizing it to make copies for public inspection,' distribution and base reference as 
required. At the time the development is accepted for maintenance by King County, the BALD 
Division set of reproducibles shall be replaced by the corrected original set for permanent public 
records at the Department of Public Works map counter, 9th floor, King County Administration ; 

Building. ' 

2.1.3 PLAN CHANGES AND REVISIONS .AFTER PERMIT ISSUANCE 

If changes or revisions to the originally approved plans require additional review, the revised plans' ! 
shall be submitted to the BALD Divisi,on for approval.prior to construction. The plan change 
submittals shall be accompanied by: id 

o the appropriate Plan Change Order form(s) 
o one copy of the revised TIR 
o three sets of the engineering plans 

Plan changes and revisions shall be prepared, reviewed and processed as described in the, 
Reference Section for engineering plan submittals. :: ! 

. > I  
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2.1.4 FINAL CORRECTED PLAN SUBMITTAL 

During the course of construction, changes to the approved plan are often required to address 
unforeseen field conditions or plan design improvements.. Once construction is completed, it is the 
applicants responsibility to submit to the BALD Division a "Final Corrected Plan" which is an 
engineering drawing that accurately represents the project as constructed. These corrected 
drawings must be professionally drafted revisions applied to the original approved plan and include 
all changes made during the course of construction, except that the erosionlsedimentation control 
plan should not be included. The final corrected plan must be stamped, signed and dated by a civil 
engineer registered in the State of Washington. 

2.1.5 FINAL RECORDING SUBMITTAL 

Any Subdivision or Planned Unit Development to be "finaled", thereby completing the subdivisions 
process and legally forming the new lots, requires a final plat submittal for approval and recording. 
Any Binding Site Plans also require a final submittal for approval and recording. The final plat or 
map page, shall contain the elements summarized in Section 2.4 and specified in detail in 
Development Assistance bulletins published by the BALD Division. Submittals shall be 
accompanied with appropriate fees as prescribed by ordinance. 

Final submittals shall be allowed only after the approval of preliminary plans and any required 
engineering plans and after the construction of any required drainage facilities. 

All final plat map sheets and pages shall be prepared by a professional land surveyor registered in 
the State of Washington and shall conform with all state and local statutes. 'Details on final 
submittals and recording are presented in the Reference Section. 

2.2 PRELIMINARY PLANS SPECIFICATIONS 

2.2.1 SUBDIVISIONS, MASTER PLANNED DEVELOPMENTS.AND PLANNED UNIT DEVELOPMENTS 

Applications for preliminary approval on Subdivisions, Master Planned Developments and Planned 
Unit Developments must include the following plans and supporting documents. 

Plans 
o Sheet size: 24" X 36" 
o Name of proposed subdivision - limit of 32 letters. 
o Title block 
o North arrow indicator (north at top or left side of sheet) 
o Scale indicated 
o Section, Township and Range indicated 
o Legal description shown and verified - typed or printed 
o Surveyor's signature and seal shown 
o Topography - Field topographic base map to accompany application 

- Verification of field survey - Notation for field or aerial survey 
- Datum - Location of all sensitive areas (include King County designation number or identify as 

undesignatedl 



The following chart should be used to determine the topography requirements: 

Show all structures within 200 feet of the plat boundaries in'unplatted areas 
Show all street names or numbers 
Show all utility purveyors 
Show all land use information 
Dimension all lots 
Note all adjoining parcels within 500 feet, 
Provide vicinity map to clearly locate the subdivision 
Note all known Sensitive Areas 
Identify all density calculations 
- ' Total area - -  Right-of-way . 
- ' Non-Useable open space - Total lot area, 
- Open space for lot make up area . . 

- Allowable number of lots 
Name, address and phone number of land surve+or, developer and owner 
Proposed use (i.e. townhouse via PUD, sipgle family, etc.) 
Boundary lines of all land use zones 
Sight distance for 'entry to all County roads. 
Typical section for lot layout'or clustering-design. 
ldentify areas of substantial grading outside of propose rights-of-ways (this relates to lot yield 
and steep slopes) 
Show all Sensitive Areas as defined by the King County Sensitive Areas folio (must also include 
any previously undesignated,sensitive areas). Note that field verification of all indicated 
sensitive areas on the map must be noted on plat mat. 

Supporting Documents 

Sensitive Area 
Designation 

Field verify location of 
all indicated sensitive 
areas, on map 

Field verify location of 
all indicated sensitive 
areas on map 

Zoning 
Designation 

~ensit ies of developed 
area of over 2 DU per 
Acre 
Densities of developed 
area of 2 DU or less per 
acre 

Application' Form 
Legal description (1 cdpy, typed, 8-1 12" x 11 " with parcel numbers for,the 'subject property) 
Environmental Checklist (1 7 copies) 
Preliminary Plat Map (32 copies - Note; fold so that plat name is on outside sheet). 
Environmental Impact Statement (if required) , 
Water Availability' Letter 
Sewer Availability Letter; 
- ' Is project within the "Local Service Area" (LSA). - Sewer Availability Letter for sewers (if served by Public Sewers, a Health Dept. letter is 

not necessary). - Health Dept. approval for septics'lneeded when septic system kill be usedto treat 
sanitary waste.) 

Fees - reference current fee ordinance 
-*. ,2 

Supplemental Information .+ u 

- , Photos 
- Reports 
- Petitions . 
Proof of legal lot 

Contour 
.Intervals 

2' @ less than 15% slope 

5' @ 1 6%' slope or more . 

5' intervals 
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o Assessor's Maps - (Property in red with 500' strip around the boundary - for parcels owned by 
the applicant) 

o Traffic Impacts 
o Drainage Downstream Analysis 

Supplemental information will also be required if the development impacts sensitive areas, or will 
cause traffic or other problems. The extent of the supplemental information which will be required 
can be estimated at the initial application screening, but not determined definitively until as late as 
the SEPA Threshold Determination. 

2.2.2 SHORT PLATS 

Application for Short Plats must include the following Plot Plan and Health Department Approval 
Map. 

Plot Plan 

Applications for Short Plats must include a Proposed Short Plat drawing submitted on a 8-112 x 
14" form provided by BALD. The drawing shall include the following minimum information: 

Short Plat application number 
North arrow (use circle indicator at top upper left of page) 
Name of person preparing drawing 
Vicinity map to clearly locate property 
Boundary lines and lot layout 
Lot dimensions 
Structures and driveway locations 
Scale 
Street or road frontage and names 
Sight distances for all entries onto county roads. 
Terrain features (e.g. steep slopes, top of bank, wetlands, creek centerline) 
Easement's, recorded and proposed 

Health Department Approval Map 

Each application shall also include the Health Department Appioval Map showing the locations of 
test holes and drainfield areas when not on sanitary sewers. Additional submittal requirements 
(such as legal description, proof of legal lot, etc.) may be found in the Development Assistance 
Bulletin provided by BALD. 

2.3 ENGINEERING PLANS SPECIFICATIONS 

Specifications for full engineering plans--a Technical Information Report and Site Improvement 
Plans--are described in Sections. 2.3.1 and 2.3.2. Some individual Residential Building Permits and 
Short Plats, will, however; require preparation of less than the full engineering plans or no 
engineering plans at all. 
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. Modified Engineering Plan Allowed 

In most cases, a Modified Engineering Plan will be allowed for individual Residential Building 
Permits not requiring major drainage improvements. Such items as detention facilities (except 
downspout roof drain infiltration systems), conveyance systems for off-site drainage, bridges, or 
right of way improvements are considered major improvements which will require a full engineering 
plan. The Modified' Site lmprovement Plan will apply to those permit applications only proposing 
infiltration systems or driveway culverts. 

Residential building permits on lots with constructed drainage facilities, or approved drainage plans 
for the lot, will not require a Modified Engineering Plan provided the permit submittal contains a 
Modified Site lmprovement Plan that shows the connection of proposed roof and yard drains to the 
existing approved and constructed drainage stub-outs, and/or other approved runoff control. 
facilities designed for the lot during format'plat engineering plan review, and the BALD Division 
determines that these measures are adequate to protect the downstream drainage system. 

The Modified Site lmprovement Plans: . 

o shall be drawn on a 1 1 " X 17" or larger sheet. 

o accurately locate the structure and its access, showing observance of the setback requirements 
given in this manual and in the Sensitive Areas Ordinance. 

Some portions of Technical Information Report may $till,be required; however, even when the '"' 

Modified Engineering Plan is allowed. More specific requirements for the contents of ,a Modified ' I :  

Engineering .Plan depend on the project and can only be determined after the initial permit, ' 
I 

application. 

No Engineering Plan Required ,r; 

Short Plat applications (1) which set aside all drainage features and sensitive areas in easements'of 
tracts, (2) for which no alteration or construction of a drainage system is required or proposed, and 
(3) for which engineering plans for roadway construction are not a condition of preliminary approval 
require no engineering plans, but instead may submit the drainage information on a final Short Plat 
map page. This map page shall meet the specifications of Section 2.4.2 

All other applications will require full engineering plans. 

2.3.1 TECHNICAL INFORMATION REPORT 
* . i t  

The full Technical Information Report (TIR) :shall contain the following eleven sections, preceded by 
a table of contents: 

Table of Contentq 
I. Project Overview 
II. Preliminary Conditions Summary 
Ill. Off-Site Analysis 
IV. RetentionIDetention Analysis and Design 
V. Conveyance Systems Analysis and Design 
VI. Special Reports and Studies * ~ i  
VII. Basin and Community Planning Areas I 

VIII. Other Permits , I :  ; 

IX. ErosionlSedimentation Control Design If 

X. Bond Quantities Worksheet, RetentionIDetention Facility Summary Sheet and Sketch, and 
Declaration of Covenant 

XI. Maintenance and Operations Manual 

The TIR should be a comprehensive supplemental report containing all technical information and ., 
analysis necessary to develop the Site Improvement Plan. This report should contain all 

' !IJ 
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;calculations, conceptual design analysis, reports and studies required and used to construct a 
complete Site lmprovement Plan based on sound engineering practices and careful geotechnical 
and hydrological design. 

The Technical Information Report'must be stamped and dated by a professional civil engineer 
registered in the State of Washington. TIR must contain a of these sections; however, if 
a section does not apply, the applicant may simply mark with "NIA." This standardized format will 
allow a quicker, and more efficient review of information required to supplement the Site 
lmprovement Plan. A consistent format will also provide accurate and time efficient researching of 
TIR's approved for other projects in the same basin. 

When the TIR package requires revisions, the revisions must be submitted in a complete TIR 
package. 

The table of contents should include a list of the eleven section headings and their respective page 
numbers, a list of tables with page numbers and a list of numbered references, attachments and 
appendices. 

TIR SECTION I. PROJECT OVERVIEW 

The project overview shall identify and discuss difficult site parameters and the natural drainage 
system functions. The overview should also describe the drainage to or from adjacent property, 
including bypass flows. 

The project overview must provide a general description of what is being proposed to be 
constructed on the site, the predeveloped and post developed conditions of the site, the area of the 
site, the size of the improvements, and the disposition of the storm water runoff before and after 
development. The following figures are required: 

Figure 1. TIR Worksheet 

Include a copy of the TIR Worksheet (see Reference 106). 

Figure 2. Site Location F: 

Provide a map which shows the general location of the site. Identify all roads which border the 
site and significant geographic features and sensitive areas (lakes, streams, steep slopes, etc.). 

TIR SECTION II. PRELIMINARY CONDITIONS SUMMARY 

This section shall be included with the Site lmprovement Plan for any Plats, Short Plats or Planned 
Unit Development. Commercial Permit applications following a Rezone, Conditional Use, Mitigated 
Determination of Non-Significance (MDNS), or Shoreline Permit must also contain a preliminary 
conditions summary. The intent of this section is to make sure ,all preliminary approval conditions 
pertaining to site engineering issues have been addressed in the Site lmprovement Plan submittal. "" 
The design engineer shall review each adopted condition and provide a brief statement which 
explains how the design addresses or conforms to the conditions. The following figures are 
required: 

', Figure 3. Drainage Basins, Subbasins, and Site Characteristics 

Show acreages of subbasins. Identify all site characteristics. Show existing discharge points 
to and from the site. Show existing construction and future flows at all discharge points and 
downstream hydraulic structures. Use a minimum USGS 1 :2400 topographic map as a base , 

for the figure. Show (and cite) the length of travel and farthest upstream end of a proposed 
storm system in the development to any proposed stormwater retentionldetention facility. 



Figure 4 ,  Soils 

Show the soils within the following areas: 1) the project site, 2) the area draining to the site, 
and 3) the drainage system downstream of the site for the distance of the Downstream 
Analysis (see Section 1.2.2). Copies of Kin'g County Soil.Survey maps may be used; however 
if the maps do' not appear to accurately represent the soils for a proposed project (including off- 
site areas of 'concern), it is the design engineer's responsibility to assure that the actual soil 
types that exist on the site are properly mapped. Soil'classification symbols which conform to 
the SCS Soil Survey for King County should be used. 

If a Special Soils Report is required, a figure in the Special Soils Report that meets the above 
requirements may be referenced to satisfy this requirement. 

TIR SECTION Ill. OFF-SITE ANALYSIS 

Any engineering,plan which proposes construction of drainage facilities shall include identification 
of the upstream tributary areas and downstream analysis conducted in accordance with the .$ 
requirements of Section 1.2.2, Chapter 1. That analysis must be included in this section. -. . 

TIR SECTION IV. RETENTlONlDETENTlON ANALYSIS AND DESIGN . . 

ExiGting site' Hydrology (Part A) 

This section should include a discussion of assumptions and site parameters used .in analyzing the: 
existing site hydrology. ' ; 3 f i  

The acreages;durve numbers, times of concentration and travel times used to determine existi iVig~~ 
flow characteristics, along' with basin maps, graphics and exhibits for each subbasin affected by 
the development, should be included. 

Delineation and acreages of areas contributing runoff to the site, retentionldetention facility 
location, outfall and overflow route must be drovided on a topographical map. The scale of the 
map and the contour intervals must be sufficient to determine the basin and subbasin boundaries 
accurately. The direction of flow, the acreage of areas contributing drainage, the limits of 
development, the length of travel and grade of the drainage course (from the furthest upstream, ' ' 
'point through the development) should all be indicated on the map; ' .  

. , k . . 
Each subbasin contained within, or flowing through, the site should be individually labeled. The 
hydrographlflow calculations for a given subbasin should be labeled identically to that subbasin 
(i.e., if the subbasin is ".An, the hydrograph and calculation set must be labeled subbasin "A"). 

' . All natural streams and drainage features including wetlands and depressions must .be shown. 
, ,,,.* Rivers, closed depressions, streams, lakes and wetlands must have 100-yeai floodplain (and , 

.? , . . floodway where applicable) delineated as required in Chapter 1 and by the Sensitive Areas 
I ' Ordinance and.Rules. 

. . , . . . . : I . .  

. . . 
Developed Site Hydrology (Part B) 

Provide a narrative, mathematical and graphical presentation of parameters selected ,and values 
used for the 'developed site conditions, including acreages, runoff coefficients (C or CN), time of 
concentration (Tc), travel . . times (Tt), roadway layouts and all constructed drainage facilities. 

. , 

Developed subbasin areas and flows.should be clearly depicted on a map,. referenced to computer 
printouts or'calculation sheets with relevant areas highlighted and tabulated in a listing of all 
developed subbasin flows. . . 

Include all maps,. exhibits, graphics.and references used to determine developed site hydrology. 
Maintain the same subbasin labeling as used for the existing site hydrology 'whenever possible. I f .  

. . 
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the boundaries of the subbasin have been modified under the developed condition, modify the 
labeling accordingly, (i.e. Subbasin "Amn is a modified version of existing Subbasin "A"). 

Hydrologic Analysis (Part C) 

The design engineer shall include a brief discussion of the performance required to calculate the 
size of conveyance systems and retentionldetention systems. 

Retention/Detentlon System (Part D) 

Provide an illustrative sketch of the retentionldetention facility and its appurtenances. This sketch 
should show basic measurements necessary to calculate the storage volumes available from zero to 
the maximum head, ,all orificelrestrictor sizes and head relationships, and control structurelrestrictor 
orientation to the detention facility. 

Include all calculations, equations, references, storagelvolume tables, graphs and any other aides 
necessary to clearly show results and methodology used to determine the storage facility volumes. 
This section of the TIR should provide a clear sequence of how the storage facility size was 
determined. 

TIR SECTION V. CONVEYANCE SYSTEM ANALYSIS AND DESIGN 

This section should present the detailed analysis of any existing conveyance systems and the 
analysis and design of the proposed stormwater collection and conveyance system for the 
development. This information should be presented in a clear, concise manner that can be easily 
followed, checked and verified. All pipes, culverts, catch basins, channels, swales and other 
stormwater conveyance ap,purtenances must be clearly labeled and correspond directly to the 
engineering plans. 

The minimum information should include pipe flow tables, flow profile computation tables, 
nomographs, charts, graphs, detail drawings and other tabular or.graphic aides used to design and 
confirm performance of the conveyance system. 

Verification of capacity and performance must be provided for each element of the conveyance 
system. Show design velocities and flows for all drainage facilities within the development, as well 
as those off-site which are affected by the development. Figure 4.3.3C (note. limitations) or equal 
presentation may be used to tabulate this information. If the final design results are on a computer 
printout, provide also a separate summary tabulation of conveyance system performance. 

l l R  SECTION VI. SPECIAL REPORTS AND STUDIES 

Some site characteristics such as steep slopes or wetlands pose unique road and drainage design 
problems which are particularly sensitive to stormwater runoff. As a result, King County may 
require the preparation of special reports and studies which further address the site characteristics, 
the potential for impacts associated with the development, and the measures which would be 
implemented to mitigate impacts. Special reports shall be prepared by persons with expertise in 
the particular area of analysis. Subjects of special reports may include: 

GeotechnicalISoils - Anadromous Fisheries Impacts 
Wetlands - Structural Design 
Floodplains - Geology 
Slope ProtectionIStability - Hydrology 
Groundwater - Water Quality 
Fluvial Geomorphology - Structural Fill 
(Erosion & Deposition) 

TIR SECTION VII. BASIN AND COMMUNITY PLAN AREAS 

If the proposed development lies within an adopted Basin (see Reference section) or Community 
Plan area, reference the basin or community plan and the date of publication, and identify which 
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sectionslp~ges of the plan specify requirements affecting drainage system design (such as P-suffix 
restrictions and stricter detention performance). In addition, restrictions affecting overall site 
development should be listed. If an applicable "Pn'suffix condition specifies additional road or , 

drainage measures or conflicts with standard conditions, then the more restrictive condition shall be 
applied. 

TIR SECTION VIII. OTHER PERMITS 

Construction of road and drainage facilities may require additional permits from other agencies for 
some projects. These additional permits may contain more restrictive draina~e plan requirements. 
This section of the TIR should provide the title of any other permits, the agencies requiring the 
other permits, and identify the permit requirements that affect the drainage plan. Examples of 

. 

other permits are listed in Section 1 .I .2. 

TIR SECTION IX. TEMPORARY EROSION AND SEDIMENTATION CONTROL ANALYSIS AND 
DESIGN 

. 
i 3 i. 

Include in this section all hydrologic and hydraulic informa'tion used to analyze and design the - . 
temporary erosion and sedimentation control (TESC) facilities. The report shall address the eleven 
minimum requirements of Core Requirement 5, the measures that will be implemented and . ffi.;. 
justification for any proposed exceptions to the minimum requirements: 

TIR SECTION X. BOND QUANTITIES WORK$HEET,~RETENTION/DETENTIONFACIUTY SUMMA;RY 
SHEET AND DECLARATION OF COVENANT 

Bond Quantities Worksheet 

Each plan submittal will require a construction quantity summary to establish appropriate bond :: 
amounts. Using the Bond Quantities Worksheet furnished by the BALD Division (see Reference 
1 OE), the design engineer shall separate existing right-of-way and erosion control quantities from 
other on-site improvements. In addition, the engineer shall total the amounts based on the unit 
prices listed on the form. 

R.etention/Detentlon Facility Summary Sheet and Sketch 
* .  

Following approval of the pla'ns, a ~etentionl~etention Facility Summary Sheet and Sketch (see ? 
Reference 10C) shall be submitted along with an 8-1 12" x 1 1 " plan sketch for each 
retentionldetention facility proposed for construction. The plan shall'show north arrow, the RID., 
tract, facility access road, extent of facility and control structure location. Ttie approximate street, 
address shall be noted. - '  

. . 
. . 

Declaration' of, Covenant (privately malntalned commercial retentlon/detentlon tacllitles only) W Y  
. , 

A declaration of covenant (see Reference 1 OD) as described in Appendix A of Ordinance 4938 
must be signed and recorded at the,office of King County Records and Elections before any permit 
with privately maintained retentionldetention facilities are approved. , 

+ I 

TIR SECTION XI. MAINTENANCE AND OP'ERATIONS. MANUAL 

For each RID facility which is to be privately maintained or those that have special non-standard ' 
features, the design engineer shall prepare. a maintenance and operations manual.' The manual 
should be simply written and should contain a brief description of the RID facility, ,what it does and 
how it works. In addition, the manual shall provide an outline of maintenance tasks and 
recommended frequency at which each task should be performed (see Section 1.2.8) and a copy of 
the.Maintenance Requirements for Privately Maintained Drainage Facilities (see Appendix A). . . 

2.3.2 SITE IMPROVEMENT PLANS 

Site Improvement Plans shall portray design qoncepts in a common format. This format must be ' 
capable of presenting all the information necessary for persons trained in engineering to review the 
plans, as well as those persons skilled in construction work to build the .project according to the i b  '' 
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design engineer's intent. Supporting documentation for the site improvement plans must also be 
presented in an orderly and concise format that can be systematically reviewed and understood by 
others. A good format is also important for easy access ,to information for future reference. 

The land survey data on which the Engineering Plans are based must be on King County Aerial 
Survey (KCAS) datum (see Figure 4.3.8A for datum correlations KCAS). If KCAS control is not 
available within a reasonable distance from the site, a permanent monument (KCRS Drawing No. 
29) with an assumed elevation of 100.00 shall be set on the site in a readily accessible location 
which will be indicated on the plans. 

The Site lmprovement Plans consist of all the plans, profiles, details, notes and specifications 
necessary to construct road, drainage structures and off-street parking improvements. These 
include: 

o Base map (see below) 

o plan and profile, improvement site plans (see below) 

o Erosionlsedimentation control (ESC) plan (see below1 

NOTE: The site improvement plans must also include grading plans if on-site grading 
extends beyond the roadway grading for subdivision development. 

The site plans must generally use the King County Standard Map Symbols and must include the 
Standard Plan Notes (see Reference section). 

Site lmprovement Plan Base Map 

Well designed engineering plans must consider all existing elements of the site and incorporate 
them into the proposed design concept. A Site lmprovement Plan Base Map provides a common 
base and reference in the development and design of any project. 

The Site lm~rovement Plan 

A base map helps ensure that the engineering plans, grading plans and ESC are all developed from 
the same background information. This base map shall include the following: 

BM1: Ground Surface 
Topography 

Provide topography within the site and extending 
beyond the property line (see Section 2.4.2). Contour 
lines must be shown, spacing as described in "Plan 
View: Site Plan and Roadway Elements" below. 

BM2: Surface Water Provide ground surface elevations for a reasonable "fan" 
Discharge around points of discharge extending at least 50 feet 

downstream of all point discharge outlets. 

BM3: Hydrologic Features Provide spot elevations in addition to contour lines to aid 
in delineating the boundaries and depth of all existing 
floodplains, wetlands; channels, swales, streams, storm 
drainage systems, roads (low spots), bogs, depressions, 
springs, seeps, swales, ditches, pipes, groundwater and 
seasonal standing water. 

BM4: Other Natural 
Features 

Show the location and relative sizes of other natural 
features such as rock outcroppings, existing vegetation 
and trees 12" in diameter and greater that could be 
disturbed by the project improvements and construction 
activities (within tree canopy), noting species. 
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BM5: Flows Provide arrows which indicate direction of surface flow 
on all public and private property and for all existing . 

convevance systems. 

BM6: Floodplains1 
Floodways 

Show the floodplainlfloodways as required by Flood 
Hazard Portion of the Sensitive Areas Ordinance and 
Rules. 

BM7: General Background Show the location and limits of. all existing: 
Information 

Property boundaries 
Structures 
Dimensions of easements 
Dimensions of total property 
Roads and rights-of-way 
Sanitary sewers and water utilities 
Common open space .i : 
Public dedications . - 

BM8: Development 
Limitations . 

Delineate limitations to the development that may occur 
as identified on the TIR worksheet, Part 8 (see 
Reference 1 OB). 

Site'Plan and Profiles. . 

(1) Plan sheets and profile sheets or combined plan and profile sheets, specifications and detail 
sheets as required, shall be on sheet sizes 241 x 36". Original sheets shall be good quality 

, reproducibles, mylar or equal. 
' t  

(2) Drafting details shall generally conform to King County Standard ~ a p  Symbols (see 
Reference section), with lettering size (before reduction) no smaller than Leroy 100. 
Existing features shall be shown with dashed lines, andlor are half-toned (screened), in order 
to clearly.distinguish existing features from proposed improvements. 

' .  

(3) . Each submittal shall contain a project informationlcover sheet (see Reference section) with 
the following: , 

Z I !  

Title: Project name and BALD Division file number. : 0 
o . Table of contents (if more than three pages). 

' o Vicinity map. 
. . o Name.and phone of utility field contacts and one-call number 1-800-424-5555 (e.g., 

water, sanitary sewer, gas, power, telephone and TV). 
, . o . King County's preconstructionlinspection notification requirements. 

o . Name and phone of surveyor. 
o ' Name and phone of ownerlagent; ' ' , 

.o Name and phone of applicant. . 'I 

o' . Legal description. 
o Plan approval signature block for BALD Division. 
o .-. Name and. phone of engineering firm preparing plans (company logos acceptable). 
o Fire Marshal's approval stamp (if required). 
o Statement thatmailbox ,locations have been designated or approved by the U.S. 

Postal Service (where required). 
, , o List of conditions of preliminary gpproval on all site improvements. 

Note: If this information is provided on the.architectural plans for Commercial Building' ,,! 
Permits, then it may be omitted from the Commercial Engineering Site Plans. 
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A blank sample or computer file of the information sheet format is available from BALD 
Division upon request. 

For subdivisions, each site improvement plan package shall contain a separate page(s1 of the 
revised Preliminary Plan altered through engineering design .and the original version 
submitted with the Preliminary Plan. In addition to the elements outlined in Section 2.2.1, 
the plan shall include the following: 

o all project phasing and proposed division boundaries. 
o all natural and proposed drainage collection and conveyance systems with catch basin 

numbers shown. 

For other permits, an overall site plan shall be included if more than three plan sheets are 
used. The overall plan shall include the items above and complete property area 
development, right-of-way layout, street names and road classification, all indexed to the 
detail plan sheets. 

Each sheet of the plan set shall be stamped, signed and dated by a professional civil 
engineer licensed in the State of Washington. At least one sheet showing all boundary 
survey information must be provided that has been stamped by the professional land 
surveyor licensed in the State of Washington. 

Detail sheets shall provide sufficient information to construct complex elements of the plan.' 
Details may be provided on plan and profile sheets if space allows. 

A title block shall be provided on each plan sheet. The title block shall list at a minimum the 
development title, the name, -address, and phone number of the firm or individual preparing 
the plan, a revision block, page (of pages) numbering, and sheet title (e.g., road and 
drainage, grading, erosion/sedimentation control). 

Location and label for each section or other detail shall be provided. 

Native Growth Protection Easements shall be designated as required by the Sensitive Areas 
Ordinance and Rules. 

All match lines with matched sheet number shall be provided. 

All division or phase lines and the proposed limits of construction under the permit 
application shall be indicated. 

(1 2) Wetlands shall be labeled with the number from the wetland inventory, or shall be labeled as 
"uninventoried" if not listed on the wetland inventory. 

(13) The General, Drainage and Structural Notes that apply to the plan shall be provided on the 
plans (see Reference section). 

(1 41 Commercial Building Permit'applications shall include the designated zoning for all properties 
adjacent to the development site(s1. 

Plan View: Site Plan and Roadwav Elements 

(1) Property lines, right-of-way lines, and widths for proposed road and intersecting roads shall' 
be provided. . 

(2) All existing and proposed roadway features such as centerline, edge of 'pavement and 
shoulder, ditchlines, curbs and/or sidewalks shall be provided. In addition, points of access 
to abutting properties and roadway continuations shall be shown. 



K I N O , C O U N T Y ,  W A S H I N O T O N ,  S U R F A C E  W A T E R  D E S I ' O N . M A N U A L  

(3) Existing and proposed topography contours shall be shown at 2-foot intervals @foot 
intervals for slopes greater than 15 percent, 10-foot intervals for slopes greater than 40 : 

percent). Contours may be extrapolated from USGS mapping, aerial photos or other 
topography map resources. However, contours shall be field verified for roadway and 
stream' centerlines, floodplains and for drainage tracts easements, and conveyance systems. 
Contours shall extend 50 feet beyond property lines to resolve questions of setback, cut and 
fill slopes, drainage swales, ditches, aqd access or drainage to adjacent property. 

(4) ' The location of all existing utilities and proposed utilities (except those designed by the 
utility and not currently available) shall be shown to the extent that these will be affected by 
the proposed project. All existing utility poles shall be clearly identified. 

, (5) All roads and adjoining subdivisions shall be identified. 
. , %  

(6) Right-of-way for all proposed roadways shall be shown with sufficient dimensioning to 
clearly show exact locations on all sections of existinglproposed dedicated public roadway. 

4 i. 
(7). Areas of existing pavement and .areas of new pavement shall be clearly differentiated, .- - 

(8) For subdivision projects, drawing scales shall be generally 1 ",= 50'; however, 1 " = 100' shall 
be optional for development of lots one acre ,or larger. For commercial or multi-family 
projects, scales shall be generally 1 " = PO'; however, 1 " = 1 O', 1 " = 40' and 1 " = 50' are ! 

acceptable. Details for clarification, including those for intersections and existing driveways, -. ! should be shown on a larger scale. , . ' 

Plan view: Drainaae Convevance . . 
' 

(1 I All catch basins and curb inlets shall bg sequentially numbered starting from the furthest ,: 
downstream structure. :)./ 

' . .  

(2) Existing storm drainage facilities shall be represented in dashed lines and labeled as existing. 

(3) Existing storm drainage facilities to be removed shall be clearly labeled as "existing to be 
removed." .. . , 

(4) slope, length, diameter and material for all pipes, culverts and stubouts shall be shown. 
Material'may be noted i'n the plan- notes. 

(5) Catch basins shall be clearly labeled as to size and type or indicate in the plan.notes. 7; ; 

(6) Downspout or footing drain stubout locations to all lots intending to connect to the storm 
drainage retentionldetention system ,shall be clearly labeled. All stubouts shall be located t o  
allow gravity flow from the lowest corner of the lot to the connecting catch basin. 

(7 )  Datum, benchmark locations and elevations shall be represented on each plan sheet. 

(8) All stubout locations, for any future pipe connections shall be clearly labeled. 
. . 

(9) All drainage easements, tracts, access easements, Native Growth Protection Easements, ' ,  

Sensitive Area Tracts, Sensitive Area Setback Areas, and building setback lines shall be : 

clearly shown on the plans. Show dimensions, type of restriction and use. 
I 

(1 0) Using arrows, indicate drainage direction of hydraulic conveyance systems. 

Plan View: Other 

(1 I Show the location, identification and dimensions of all buildings, properm lines, streets, 
alleys and easements. . . 
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(2) Verify condition of all public rights-of-way and the rights to use them as proposed. 

(31 Show locations of structures on abutting properties within 25 feet of the proposed project 
site. 

(4) Show the location of all proposed drainage facility fencing, together with a typical section 
view of each. 

(5) Provide section details of all retaining walls and rockeries including sections through critical 
portions of the rockeries or retaining walls. 

(6)  Show all existing and proposed buildings with projections and overhangs. 

profiles: Roadwav and Drainaae 

(1) Provide existing centerline ground profile at 50-foot stations and at significant ground breaks 
and topographic features, with average accuracy to within 0.1 feet on unpaved surface and 
0.02 feet on paved surface. 

(2) For publicly maintained roadways, provide final road and storm drain profile with stationing 
the same as the horizontal plan, reading from left to right, to show stationing of points of 
curve, tangent, and intersection of vertical curves, with elevation of 0.01 feet; to include 
tie-in with intersecting pipe runs. 

(3) On a grid of numbered lines, provide a continuous plot of vertical positioning against 
horizontal. 

(4) Show finish road grade and vertical curve data; road data measured at centerline or edge of 
pavement. Include stopping sight distance. 

(5) Show all roadway drainage, including detention tanks, that are within the right-of-way or 
easement. 

(6) Slope, length, size and type (in plan notes or on a deiail sheet) for all pipes and detention 
tanks in public right-of-way shall be shown on the profile. 

(7) Indicate the inverts of all pipes and culverts and the elevations of catch basin grates or lids. 
If the plan and profile elements are on separate; sheets, then the elevations of catch basin 

' grates or manhole lids and pipe inverts shall appear on both the plan view and profile view. 

(8) For pipes that are proposed to be within 2.0 or less feet of finished grade, dimension the 
minimum cover requirements. 

(9) Indicate roadway stationing and offset for all catch basins. 

(10) Whenever possible, show profile aligned underneath the plan view. 

(1 1) lndicate vertical and horizontal scale. 

(1 2) Clearly label all profiles with respective street names and plan sheet reference numbers if 
drawn on separate sheets. 

(1 3) Locate match points with existing pavements and show elevations. 

(1 4) Show all property boundaries. 

(15) Label all match line locations. 
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(1 6) Provide. profiles for all 12-inch and larger pipes and for channels (that are not roadside 
ditches). 

(1 7) Show the location of all existing and proposed (if available or critical for clearance) gas, 
water and sanitary sewer crossings. 

(1 8) Show energy dissipater locations. 

(1 9) Identify datum used and all benchmarks (may. be shown on plan view instead). Datum and 
benchmarks must refer to established control when available. 

(20) Vertical scale shall be 1 " = 5'. As an exception, vertical scale shall be 1 " = 10' if optional 
1 " = 100' horizontal scale is used on projects with lots 1 acre or larger. Clarifying details, 
including those for intersections and existing driveways, should be done to a larger scale. 

Details 

(1 1 Provide a to-scale drawing of each RID pond or vault, including the tract boundaries. 

(2) Show predeveloped and finished grade contours at 2-foot intervals. Show and label 
maximum design water elevation. 

(3) Dimension all berm widths. 

(4) Show and label at least two cross-sections through pond,. One cross-section must include 
the restrictor. 

(5) Specify soils and compaction requirements for pond construction. 

(6) Show location and detail of emergency'overflows and spillwiys. 

(7) Specify rock protectionlenergy . dissipation . requirements and details. 
. ,' 

(8) Provide inverts of all pipes, grates, inlets, tanks, vaults and spot elevations of pond bottom. , 

(9) Show location of access road to control manhole and pond bottoms. 

1101 Provide plan and section,view 'of all bneriy dissipaters, including rock splaih pads. Specify 
the size of rock.and thickness. 

(1 1 I show bollard location on plans. Typically, bollards are located at the entrance to d!ai"age 
facility access roads.. . 

(12) The size, type (or in plan notes), slope and length of all p i p s  on the pond detail must be . . 
shown. . . 

(1 3) Section and plan review of restrictorjcontrol structure must be shown to scale. 'The plan 
view will show location and orientation of all inlet.pipes, outlet pipes and the T-section. 

(1 4) Details shall be drawn at one of the following scales: 1 " = 1 ', 1 " = 2', 1 " = 4', 1 " = 5', 
I .  l n = l O ' ,  or ln=20' .  

~tructu'ral Plan Details 

Any submittal which proposes a structure (e.g., bridge crossing, reinforced concrete footings, walls 
or vaults) shall include plan sheets necessary to provide complete working drawings showing 
dimensions, steel placement and specifications for construction. Structures may require a design .. 
prepared and stamped by a professional structural engineer licensed in the State of Washington and' 
application for a separate Commercial ,Building Permit. 
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.TEMPORARY EROSION AND SEDIMENTATION CONTROL PLAN 

Provide sufficient information to justify the overall TESC plan and the choice of individual BMPs. 
At a minimum, there shall be a discussion of each of the eleven minimum requirements of Core 
Requirement 5. This discussion shall include the applicability of each of the minimum requirements 
to the project, the measures that will be used to comply with the minimum requirements, and 
justification for any proposed exceptions to the minimum requirements. 

Include all hydrologic and hydraulic information used to analyze and size the TESC facilities shown 
in the engineering plans. Describe the methodology and attach any graphics or sketches used to 
size the facilities. Areas with a particularly high susceptibility to erosion because of slopes andlor 
soils shall be identified. Any special measures to be taken to protect these areas shall be 
discussed. Additionally, any special measures proposed to protect water resources on or near the 
site shall be discussed (Section 5.4.9). Any TESC recommendations in any of the special reports 
prepared for the project shall be identified. If these recommendations are not included in the TESC 
plan, justification shall be provided. 

If exceptions from or modifications to the existing standards of Chapter Five are proposed, then the 
rationale must be.clearly presented. If techniques or products different from those approved in 
Chapter Five are proposed, any available supporting documentation must be provided so that the 
county can determine if the proposed alternatives provide protection similar to that of the measures 
specified in Chapter Five. 

The following list provides the basic information requirements for the Temporary Erosion and 
Sedimentation Control plan. The plan must be in accordance with Core Requirement 5 and Chapter 
Five. The list below has been organized to parallel the eleven minimum requirements of Core 
Requirement 5 and the specifications of Sections 5.4.1 through 5.4.1 1. Note that the TESC plan 
may be simplified by the use of the symbols and codes provided for each TESC measure in Chapter 
Five. In general, the TESC plan shall be submitted as a separate plan sheet(s). There may be, 
however, some relatively simple projects where providing a separate grading and TESC plan is 
unnecessary. 

(1 The engineering plan shall be used as the base of the TESC plan.' Certain detailed 
information (e.9. pipe catch basin size, stub out locations, etc.1 that is not relevant may be 
omitted to make the TESC plan easier to comprehend. At a minimum, the TESC plan shall 
include all of the information required for the Base Map (Section 2.3.2.1 1, as well as existing 
and proposed roads, driveways, parking areas, buildings and drainage facilities, utility 
corridors not associated with roadways, all sensitive areas and buffers, and proposed final 
topography. A smaller scale may be used to provide better comprehension and 
understanding. 

(2) The TESC plan shall generally be designed for proposed topography, not existing 
topography, since rough grading is usually the first step in site disturbance. 

(3) Areas with a high susceptibility to erosion shall be identified (Section 2.3.1 1. 

(41 Provide all details necessary to clearly illustrate the intent of the TESC design. 

(5) The plan shall be consistent with the information provided in Section IX of the TIR. 

(6) Include TESC measures for all on and off-site utility construction included in the permit. 

(7 )  Specify the construction sequence. An example construction sequence is provided in the 
.Reference section. 

(8) Include standard TESC Notes (see Reference section). 

Clearina L~mttg . . 
(1 ) Clearing limits shall be delineated. 
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(2) Provide typical detail sufficient for installation and maintenance of clearing' limits. 

(1) Specify the type and location of temporary cover measures to be used on site. 

(2) If more than one type of cover is to be used on-site, indicate the areas where the different 
measures shall be used, including steep cut and fill slopes. 

(3) If the ,n/pe of cover measures to be used will vary depending on the time of year, soil type, 
gradient, or some other factor, specify , . the conditions that control the use of the different 
measures. 

(4) Specify the nature and location of permanent cover measures. If a landscaping plan is 
prepared, this may not .be necessary. 

(5) Specify the approximate amount of cover measures necessary to cover all disturbed areas.4 - 
(6) . If netting or blankets are specified, provide typical detail sufficient for installation and 

maintenance. 

(7) Specify the seed mixes, fertilizers, an4 soil amendments to be used. Also, specify the 
application rate for each item. 

, . 

er Protect~oq 

(1 Specify the locition and type of perimeter protection to be used. 
. .L 

(2) Provide typical details sufficient for installation and maintenance of perimeter protection. .,, 
1 

(3) ' If silt fence is to be used, specify the type of fabric to be used. 
.. . . 

IC Area S t a m  
( ,  ' 

( 1 ) Locate the construction entrance(s). 
. . . . , . 

(2) Provide typical detail sufficient 'for install?tion and maintenance df the ctystruction emrantie.. 
. . 

(3) Locate the construction roads and parking areas. 

(4) Specify the measure(s1 that will be used to create"stabi1ized construction roads and parking 
areas. Provide sufficient detail to install and maintain. 

adiment Retention . 

(1 1 Show the locations of all sedimentation ponds and traps. 

(21 Dimension pond berm widths and all inside and outside pond slopes. 

(3 j' Indicate the traplpond storage rbquired and the depth, length and width dimensions. 

(4) Provide typic& section views throughout pond and outlet.stru'cture. 

(5) ' Provide typical details of the control structure and dewatering mechanism. 

(61 Detail stabilization techniques for outletlinlet. 

(7) ' Provide details sufficient to install cell divider. 

(8) Specify mulch andlor recommended cover of berms and slopes. .A 
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(9) lndicate the requirement for mark at 1 foot depth for sediment removal. 

(10) lndicate catch basins that are to be protected. 

(1 1) Provide details of the catch basin protection sufficient to install and maintain. 

Surface Water Contrq! 

(1) Locate all pipes, ditches, interceptor ditches and swales that will be used to convey storm 
water. 

(2) Provide details sufficient to install and maintain all conveyances. 

(3) lndicate locations of o'utlet protection and provide detail of protections. 

(4) lndicate locations and outlets of any possible dewatering systems. 

(5) lndicate the location of any level spreaders and provide details sufficient to install and 
maintain. 

(6) Provide all temporary pipe inverts. 

(7) Provide location and specifications for the interception of runoff from disturbed areas and 
the conveyance of the runoff to a non-erosive discharge point. 

(8) Provide location and details of rock check dams. 

(9) Provide front and side sections of typical rock check dams. 

Wet Seasan Reauirementg 

(1 1 Provide a list of all applicable wet season requirements. 

sensitive Areas Restrictions 

(1 ) Specify the type, locations, and details of any measures necessary to comply with 
requirements to protect surface waters. 

(2) Specify the type, locations, and details of any measures necessary to comply with any 
additional protection required to protect steep slopes. 

2.4 FINAL PLAT RECORDING DOCUMENT SPECIFICATIONS 

The final plat for recording submittal only applies to Regular Subdivisions (Plats), PUD's, Binding 
Site Plans and Short Plats. This plan is required per state and local statutes. 

A final plat is not required for any other permit. 

2.4.1 REGULAR SUBDIVISIONS, PUD'S AND BINDING SITE PLANS 

Applications for final recording of plats and PUD's must include the following plans and supporting 
documents. 

Plans 

o 18 X 22" mylars and 7 prints 
o Border line 112" along outside edge. 
o Plat Name (not to exceed 32 characters, including spaces). 
o BALD File Number in left lower corner below border. 
o If more than 2 map sheets, including a map index sheet showing outline of indexed sheets. 



o North Arrow 
o Scale 
o Established Meridan 
o Size of plat streets (right of way widths and radius of cui-de-sacs). 
o Street names and numbers. 
o Tie-ins to existing plat monuments with bearing and distances. 
o Description of monuments and physical characteristics, 
o Proper Approval and Dedication forms 
o Land Surveyor's Certification 
o Dimensions of all easements, tracts, building set backs, top of slopes, wetland boundaries, 

and floodplains 
o Include pertinent restrictions as they apply to easements, tracts and building set back lines. 
o Dedication and indemnification clause as provided in Ordinance 6962. 

Supportlng Documento 

o Plat Certificate f .! 1, 
o Fire Engineer's Approval . . 
o Health Department Approval 
o One set of mathematical calculations of boundary, each street centerline, block exterior, 

each lot, tract or parcel. Mathematical closure shall not exceed .02 of a foot. 
o If subdivision is based on a United States public land survey, one set of the section 

breakdowns (this may be shown on the Map sheets). 
o Proper form of professional land surveyor's Certificate of Monumentation. 

. .  , 

Plat certificates are a form showing property ownership and encumbrances prepared by a title 
company. This,form needs to be provided no more than 30 dam prior to recording. Plan mylars 
are not required until after BALD has completed review of the print sets. 

B 

Applications will be accepted (but not processed) , . without Health Department hpproval. 15.  

2.4.2 SHORT PLATS 

Applications for ~ h o k  Plats must include a mpp page submitted on an 8-1 12 X 14" form provided 
by BALD. In addition to the requirements described in the Development Assistance Bulletin 
piepared by BALD, the map page shall include the following information: 

o Identify and clearly delineate any sensitive .area or drainage feature (including flood plains), 

o Include pertinent.restricti6ns as they apply to easements, tracts and building set back lines. 
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LIST OF VARIABLES USED IN HYDROLOGIC ANALYSIS 
A = Basin area (acres) 
4.1 Bottom area of detention facility 

Cn = Curve Number (SCS Method) 

4 P Bottom orifice 'diameter mches) 
dt Top orifice diameter (inc I es) 

Stage height or water depth (feet) 
Design depth for total detention volume 
2 - year stage height or Water depth above outlet invert 
10-year stage height or water depth above outlet hvert 
100-year stage height or water depth above outlet invert 
Stage height of pond bottom above outlet invert 
Design head (feet) 
Bottom orifice design head 
Top orifice design head 
2-year head above bottom orifice 
10-year head above top orifice 
100-year head above top orifice 

I = #Inflow (Level Pool Routing) 
= Peak rainfall intensity (Rational Method) 

frt) = Instantaneous hydrograph (SBUH Method) 
IR = Unit peak rainfall intensity factor (Rational Method) 

k, = T i e  of.concentration velocity factor for channel flow . 
k = Time of concentration'velocity factor for shallow concentrated flow 

L , = Flow length (feet) I 
n = Manning's friction factor 
% = Manning's frcition factor, for sheet flow only 

0 = Outflow (Level Pool doufing) 

Preqipitation, 
Total precipitation for 24:hour duration design.storm 
2-year release rate 
10-year release rate 
100-year release rate 
2-year developed flow rate 
.lo-year developed flow rate 
100-year developed flow rate ' . . 

Flow rate , . 
Runoff Hydrograph (SBUH Method) 
Bottom orifice flow. rate . . 

Top orifice flow rate 
Runoff depth (SCS Method) 
Rational Method ,Peak Flow 

R(t) Precipitation excess (SBUFI Method) I 
S Storage 
sa = 2-year storage volume 
SIO = 10-year storage volume 
S,, = 100-year storage volume 
s b  =, Slope (ft/ft) 

T,. = Time of Concentration 
Tt = Travel Time 
t = T i e  step 

V Velocity 

w = Routing Constant (SBUH hiethod) I 
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CHAPTER 3 
HYDROLOGIC ANALYSIS 
The broad definition of Hydrology is "the science which studies the source, properties, distribution, and laws of 
water as it moves through its closed cycle on the Earth (the Hydrologic Cycle)." As applied in this Manual, 
however, the term "hydrologic analysis" addresses and quantifies only a small portion of this cycle. That portion 
is the relatively short-term movement of water over the land resulting directly from precipitation and is called 
surface water runoff. Localized and long-term groundwater movement must also be of concern, but generally 
only as they affect or relate to the movement of water on or near the surface, such as stream base flow or 
infiltration systems. This chapter presents the acceptable methods for estimating the quantity and characterlstlcs 
of surface water runoff, as well as the assumptions and data required as Input to the methods. These methods 
are used to analyze existing and design proposed drainage systems and facilities. The chapter contents have 
been organized to present the logical sequence of application of the methods described. 

o Design Storm - Describes the design storm to be used in the methods. 

o Computation Methods - Describes the acceptable computation methods. 

o Retention/Detention Facility Performance - Describes the release rate performance used for sizing 
retention/detention facilities. 

o Hydrologic Design Process --Provides a sequential description of the design process using hydrograph 
analysis. 

o Hydrograph Method - Each section describes the data, assumptions and the mechanics of the method. 
Design storm hyetograph 
Runoff parameters 
Hydrograph synthesis 
Hydrograph routing 
Hydrograph summation and phasing 
Computer applications 

The readers and users of this Manual who are interested in the background regardlng the selection of these 
methods are directed to the Surface Water Quantity Control Pollcy section in the "Overview of Surface Water 
Pollcles In King County" paper located in the "REFERENCE" section at the back of this Manual. This Surface 
Water Quantity Control Policy section describes: (1) the background on why the storm event methods of , 

hydrologic analysis was chosen for the analysis and design of all drainage facilities in King County; (2) the basls 
for the selection of the peak rate runoff control performance concept; (3) the reasons for selecting the specific 
deslgn storm events; and (4) the reasons for selecting the SCS-based methods. 

Caution: A complete basic understanding of the hydrologic, geologic, and environmental processes integral to 
surface waster systems is essential for the proper and accurate application of the methods contained in this 
Chapter. As Is clearly stated in the Washington State Professional Engineers Board of Registration, professional 
engineers must only practice and endorse work in the areas of engineering for which they are competent 
through years of education and experience. 

3.1 DESIGN STORM' 

The design storms to be used in King County are based on two parameters: 

o Total rainfall volume (depth in inches). 

o Rainfall distribution (dimensionless). 



The design storm event is specified by return frequency and duration. Section 3.5.1 explains total 
rainfall depth and rainfall distribution associated with a design storm. 

3.2 COMPUTATION METHODS 

All Gonvevanca systems, existing and proposed, will be analyzed and designed using the analysis 
methods described in Section 3.5 and 4.3.3.' . 

All ruivioff control facilities, existing and proposed,, will be analyzed using hydrograph analysis 
methods described in Section 3.5. . 

EXCEPTION: For large projects, such as Master Planned Developments (MPD) and projects that 
contain drainage basins of over 200 acres, the SWM Division encourages, and may require 
(both prior to and after development), the collection of actual rainfall and runoff data to be 
used in developing a calibrated SCS model or a continuous model and for monitoring. These 
projects fall under the classification of Master Drainage Plans (MDP) and will be reviewed by ! 

the SWM Division. The SCS,TR-20 and Army Corps of Engineers HEC-1 computer models are :, 
also acceptable, along with models using'the Santa Barbara Urban Hydrograph technique, in : . 
performing this calibrated modeling. Contact the SWM Division for information on the model's 
data, formulation, calibration, and monitoring requirements. (See Core Requirement #3: Run'off 
Control, in Chapter 1, and Appendix B, for additional information on the requirements for 
Master Drainage Plans). , 

. . 

Figure 3.2A defines the acceptable computation methods and their limits of application according 
to basin sizes. 

FIGURE 3.2A COMPUTATION METHODS BY BASIN SIZE 
I 
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HYDROGRAPH METHOD 

SCS TR-20 HYDROGRAPH METHOD ' 

OTHER METHODS 
(as approved by SWM) 

BASIN SIZE ACRES 
. . 



K I N G  C O U N T Y ,  W A S H I N G T O N ,  S U R F A C E  W A T E R  D E S I G N  M A N U A L  

3.3 PEAK RATE RUNOFF CONTROL FACILITY PERFORMANCE 

The release rate requirements for a peak rate runoff control facility are represented by a "performance 
curve" which is the plot of allowable peak flow rates (in cfs) versus design storm frequency. The objective 
of this performance curve is to limit the developed peak runoff rates to predeveloped levels for a range of 
design storm frequencies. To achieve this objective, King County typically requires that more than one 
design storm frequency be used to define a performance curve (usually the 2-, 10- and 100-year, 24-hour 
storm events). The 2-year and 100-year storms were chosen to address the lower and upper range of 
frequencies on the performance curve, while the 10-year storm Is intended to address the intermediate 
range of frequencies. The performance curve is formed by connecting the existing peak runoff rates for 
the design storm frequency events. Similarly, the developed peak runoff rates released from the facility for 
these storm events form a curve which does not exceed the existing peak flow rate curve at the design 
storm frequencies (as shown In Figure 3.3A). 

FIGURE 3.3A EXAMPLE PERFORMANCE 'CURVES 

EXAMPLE PERFORMANCE CURVES 

(A) STANDARD (B) MORE RESTRlCTlVE (C) LESS RESTRICTIVE 

2 10 101 
RETURN PERIOD (yeera) 

2 10 100 
RETURN PERIOD (years) RETURN PERIOD (yeare) 

PRE-DEVELOPMENT CONDITIONS PRE-DEVELOPMENT CONDITIONS PRE-DEVELOPMENT CONDITIONS 
POST-DEVELOPMENT CONDITIONS POST-DEVELOPMENT POST-DEVELOPMENT CONDITIONS 

(Emelon Problem) (Discharge to rqlonal fadihy lor 
POST-DEVELOPMENT CONDITIONS flood pmtedion) 
(Flooding Pmblem) 

More restrictive performance curves may be required where there are known or antlclpated erosion and/or 
flooding problems downstream. For example, a specific downstream erosion problem may be addressed 
by adjusting the performance curve at the 2-year frequency level to obtain greater control and attenuation 
of the more frequent storm events (see Figure 3.3A). Similarly, to address a specific downstream flooding 
problem, the performance curve may be adjusted at the 10-year and/or 100-year frequency level to obtain 
greater control of the less frequent storm events. 

in those basins or portions of basins which have been designated as Critical Drainage Areas by King 
County, the more restrictlve performance curves will be applied to new developments. Basin-specific 
performance curves for Critical Drainage Areas are available from the BALD Division office. 
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in other cases a less restrictive performance curve may be appropriate such as where a regional facility 
may be providing flood control for less frequent storms. The less restrictive performance curves will 
normally only be developed as part of a regional hydrologic analysis such as that performed for a Basin 
Plan or a Master Drainage.Plan. . ' 

3.4 HYDROLOGIC ANALYSIS AND DESIGN PROCESS 

This section presents the.general process Involved in conducting i hydroiogl~ analysis using hydrograph 
methods to design retention/detention facilities for a project. The process is described as follows: 

1. ~ e v i e i  the Core and special ~equirements In Chapter 1 to determine ail requirements which will 
apply to the proposed project. 

2. ~etermine, and be prepared to demonstrate in the Technical Information Report, the "existing slte 
runoff conditions" per Core Requirement #31, Runoff Control:in Chapter 1, Section 1.2.3. 

3. identify and delineate the overall drainage basin for each discharge point from the development slte 
under existing conditions. . . 

o ldentify existing land uses. 

o identify existing soil types using SCS soil survey or on-site evaluation. 

o ldentify existing drainage features such as streams,.conveyance systems, detention facilities, 
ponding areas, depressions, etc. , 

'. I 
4. Select and delineate pertlnent subbasins based on existing conditions. 

o Select homogeneous (having generally consistent soils, topography and land use) subbasin 
areas per Section 3.5.2 under "Area." 

o Select separate subbasin areas for on-site and ,off-slte drainage. 

o Select separate subbasin areas for major drainage features. 

5. Determine runoff parameters for each subbasin under existing conditions. 

o identify pervious and impervious areas. 

o Select curve numbers per'section 3.5.2 under "Curve Number." 

o Compvte time of concentration per Section 3.5.2 under 'Travel Time and Time of 
Concentration.' 

I 

6. Determine allowable release rates for the appropriate design storms. 

o .Compute "existing condition" runoff hydrographs for each deslgn storm from each subbasln 
per Section 3.5:3. "Hydrograph Synthesis." 

o ,  For subbasins which drain to an existing storage facility (e.g., existing detention facllitles, 
ponding areas, closed depressions', etc,) route the hydrographs for each design storm through 
the facility per Section 3.5.4, "Hydrograph Routing." This, will yield the attenuated versions of 
the hydrographs which then become the new "existing condition" hydrographs for the 
subbasin. 
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o Sum the appropriate subbasin hydrographs t o  obtain the total existing runoff hydrographs for 
each design storm per Section 3.5.5, under "Hydrograph Summation." 

o Using the peak flow rates extracted from the existing runoff hydrographs, select the 
approprlate release rate for each design storm according to the required performance curve, 
the on-site and off-site bypass criteria per Core Requirement #3: Runoff Control in Chapter 1, 
Section 1.2.3. 

7. - Repeat steps 3 through 5 for the proposed developed site condition. 

8. Design and size the detention facility per the methods presented In Section 3.5.4, "Hydrograph 
Routing." 

o Compute "developed condition" runoff hydrographs for the design storms for each subbasln 
per Section 3.5.3. 

o Sum the approprlate subbasln hydrographs to obtain the total developed runoff hydrographs 
for each design storm per Section 3.5.5 under "Hydrograph Summation." 

t 

o Use the developed runoff hydrographs and an Iterative process to size the detention facility to 
meet the required performance curve. To meet performance, the developed runoff 
hydrograph for each design storm, when routed thrdugh the detention facility, must not yield 
an outflow rate greater than the allowable release rate selected for that storm In step 6. 

9. Design and size the new conveyance systems for the proposed development. 

o Select subbasins tributary to each element of the proposed drainage system. 

o Compute the total runoff hydrographs toeach segment and extract the peak flow rate, or 
compute the peak rate using the Rational Method presented in Chapter 4, Sectlon 4.3.3 (see 
Flgure 3.2A). 

o Use the peak flow rate to design and size each segment per the criterla given in Chapter 4, 
Section 4.3. 

3.5 HYDROGRAPH METHOD 

To obtain a realistic and consistent hydrologic anaiysls from one development site to the next. King 
County requires that all developments use the hydrograph analysis methods presented in this section for 
drainage planning and. design. The "HYD" computer program, developed by the SWM Division and 
included with this Manual, uses these methods to generate, add and route hydrographs. 

Hydrograph analysis utilizes the standard plot of runoff flow versus time for a given design storm, thereby 
allowing the key characteristics of runoff such as peak, volume, and phasing to be considered In the 
design of drainage facilities. 

The physical characteristics of the site and the design storm determine the magnitude, volume and 
duration of the runoff hydrograph. Other factors such as the conveyance characteristics of channel or 
pipe, merging tributary flows, branching of channels, and flooding of lowlands can alter the shape and 
magnitude of the hydrograph. In the following sections, the key elements of hydrograph analysis are 
presented, namely: 

o Design storm hyetograph. 

o Runoff parameters. 

o Hydrograph synthesis. 
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o Hydrograph routing. 

o Hydrograph summation and phasing. 

o Computer applications. . . 

3.5.1 DESIGN STORM HYETOGRAPH 

All storm event hydrograph methods require the input of a rainfall dlstrlbution or design storm hyetograph: 
The design storm hyetograph is essentially a plot of rainfall depth versus time for a given aesign storm . 
frequency and duration. It Is usually presented as a dimensionless plot of unh ralnfall depth (incremental 
ralnfail depth for each time interval divided by the totai ralnfall depth) versus tlme. 

The two hyetographs provided in this section are to be used for all hydrograph analysis. The first 
hyetograph (presented in Figure 3.5.1A and Table 3.5.1A) is required for all design storms of 24-hour 
duration. The hyetograph Is the standard SCS Type 1A ralnfall distrlbution resolved to 10-minute tlme 
intervais for greater sensitivity in computing peak rates of runoff in urbanizing basins. The second 
hyetograph (presented in Figure 3.5.1 B and Table 3.5.1 B) is required for the 100-year, 7day duration 
design storm. it was derived from'the SCS Type 1A rainfali distribution resolved to 60-minutes tlme 
intervals to simplify its use. The emphasis of the 100-year, 7day storm is on volume rather than peak rate 
of runoff. Both hyetographs were interpolated by SWM Division Staff from the SCS mass distrlbution curye 
and may differ slightly from the distributions used jn other SCS-based computer models; particularly those 
which are not resolved to 10-minute time intervals. 

The design storm hyetograph is constructed by myltiplying the dimensionless hyetograph times the total 
rainfall depth, in inches, (P,) for the design storm. I 

.: i ,  

The total depth of rainfall (in tenths of an inch) for storms of 24-hour duration and 2, 5, 10, 25, 50 and 100- 
year recurrence intervais are published by the National Oceanic and Atmospheric Administration (NOAA)., 
The information is presented in the form of "isopluyial" maps for each state. isopluvlal maps are contour 
maps where the contours represent totai inches of' rainfall for a specific duration. 

The isopiuviai maps for the western portion of King County for the 2, 5, 10, 25, 50and lOOyear recurrence 
interval and 24-hour duration storm events are shown in Figures 3.5.1C to 3.5.1H. They were taken from 
the NOAA Atlas 2, "Precipitation - Frequency Atlas of the Western United States, Volume IX-Washington." 
The 100-year, 7day lsopluvial map shown in Figure 3.5.11 was taken.fr0.m the U.S. Weather Bureau 
Technical Paper No; 49, 'Two-to-Ten-Day Precipita~lori'for~Return Periods 2 to 100 years in the Contiguolls - 
United States." For projects in the areas of King County not shown on these maps use the NOAA Atlas 2, 
Volume IX - Washington. The Washington State DOT manual has these maps or contact the SWM Division., 
to obtain a copy of this atlas if not available elsewhere. . $ ,  

~ o r ' ~ r o ] ~ c t  sites wlth trlbutary drainage area's above elevation 1000 MSL an additional. total precipitation 
must be added to the totai depth of rainfall, for the 25, 50, and 100-year design storm events, to account 
for the potential average snowmeit ,which occurs during major storm events. This M, factor is computed 
as follows: 

M, (in inches) = 0.004 (MB, - 1000); 
Where 

MB,, = the mean tributary basin elevation above sea level (in feet). 
Example: 

Given: Project location: East of ~orth; .~end near 1-90. MB,, = 1837 feet. 
Design Storm Event: 25-year. (for culvert sizing); P, = 7 inches 

Cqmpute: M, = 0.004 (MB,, - 1000) =, (0.004) (1837 - 1000) = 3.35'inchea 
, , 

Adjusted P,, . = P, + M, . 21- 
= (7 inches) + (3.35 inches) = 10.35 inches 
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.- - 
FIGURE 3.5.1A 24-HOUR DESIGN STORM HYETOGRAPH 

100 YEAR - 24 HOUR HYETOGRAPH 
SCS TYPE 1A DISTRIBUTION 

RESOLVED TO 10 MINUTE TIME STEPS 



TABLE 3.5.1A 24-HOUR DESIGN STORM HYETOGRAPH VALUES 

Time From 
Beginning 
of Storm 

(Min.) 

0 - 10 
1 0 -  20 
20 - 30 
30 - 40 
40 - 50 
50 - 60 
60 - 70 
70 - 80 
8 0 -  90 
90 - 100 

, 100 - 110 
110 - 120 
120 - 130 
130 - 140 
140 - 150 
150 - 160 
160 - 170 
170 - 180 
180 - 190 
190 - 200 
200 - 210 
210 - 220 
220 - 230 
230 - 240 
240 - 250 
250 - 260 
260 - 270 
270 - 280 
280 - 290 
290 - 300 
300 - 310 
310 - 320 
320 - 330 
330 - 340 
340 - 350 
350 - 360 
360 - 370 
370 - 380 
380 - 390 
390 - 400 
400 - 410 
410 - 420 
420 - 430 
430 - 440 
440 - 450 
450 - 460 
460 - 470 
470 - 480 
480 - 490 

I 

1 

I 
1 
1 

1 

I 

I 

) 

I 
1 

1 

1 
1 

I 
I 

1 
I 
1 

Percent 
Rainfall 

0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.60 
0.60 
0.60 
0.60 
0.60 
0.60 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.95 
0.95 
0.95 
0.95 
0.95 
0.95 
1.33 
1.33 
1.33 
1.80 
1.80 
3.40 
5.40 
2.70 
1-.80 

Cumulatlve 
Percent 
Rainfall 

47.68 
49.02 
50.36 
51.24 
52.12 
53.00 
53.88 
54.76 
55.64 
56.52 
57.40 
58.28 
59.16 
60.04 
60.92 
61.64 
62.36 
63.08 
63.80 
64.92 
65.24 
65.06 
66.68 
67.40 
68.12 
68.84 
69.56 
70.13 
70.70 
71.27 
71.84 
72.41 
72.98 
73.55 
74.12 
74.69 
75.26 
75.83 
76.40 
76.90 
77.40 
77.90 
78.40 
78.90 
79.40 
79.90 
80.40 
80.90 
81.40 

Time From 
Beginning 
of Storm 

(Min.) 

490 - 500 
500 - 510 
510 - 520 
520 - 530 
530 - 540 
540 - 550 
550 - 560 
560 - 570 
570 - 580 
580 - 590 
590 - 600 
600 - 610 
610 - 620 
620 - 630 
630 - 640 
640 - 650 
650 - 660 
660 - 670 
670 - 680 
680-  690 
690 - 700 
700 - 710 
710 - 720 
720 - 730 
730 - 740 
740 - 750 
750 - 760 
760 - 770 
770 - 780 
780 - 790 
790 - 800. 
800 - 810 
810 - 820 
820 - 830 
830 - 840 
840 - 850 
850 - 860 
860 - 870 
870 - 880 
880 - 890 
890 - 900 
900 - 910 
910 - 920 
920 - 930 
930 - 940 
940 - 950 
950 - 960 
960 - 970 
970 - 980 

Cumulative 
Percent 
Rainfall 

0.40 
0.80 
1.20 
1.60 
2.00 
2.40 
2.80 
3.20 
3.60 
4.00 
4.50 
5.00 
5.50 
6.00 
6.50 
7.00 
7.60 
8.20 
8.80 
9.40 

10.00 
10.60 
11.30 
12.00 
12.70 
13.40 
14.10 
14.80 
15.62 
16.44 
17.26 
18.08 
18.90 
19.72 
20.67 
21.62 
22.57 
23.52 
24.47 
25.42 
26.76 
28.10 
29.44 
31.24 
33.04 
36.44 
41.84 
44.54 
46.34 

Percent 
Rainfall 

1.34 
1.34 
1.34 
0.88 
0.88 
0.88 
0.88 
0.88 
0.88 
0.88 
0.88 
0.88 
0.88 
0.88 
0.88 
0.72 
0.72 
0.72 
0.72 
0.72 , 

0.72 
0.72 
0.72 
0.72 
0.72 
0.72 
0.72 
0.57 
0.57 
0.57 
0.57 
0.57 
0.57 
0.57 
0.57 
0.57 
0.57 
0.57 
0.57 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
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TABLE 3.5.1A 24-HOUR DESIGN STORM HYETOGRAPH VALUES 

I 

Cumulative 
Percent 
Rainfall 

81.90 
82.40 
82.80 
83.20 
83.60 
84.00 
84.40 
84.80 
85.20 
85.60 
86.00 
86.40 
86.80 
87.20 
87.60 
88.00 
88.40 
88.80 
89.20 
89.60 
90.00 
90.40 
90.80 
91.20 
91.60 
92.00 
92.40 
92.80 
93.20 
93.60 
94.00 
94.40 
94.80 
95.20 
95.60 
96.00 
96.40 
96.80 
97.20 
97.60 
98.00 
98.40 
98.80 
99.20 
99.60 

100.00 

Time From 
Beginning 
of Storm 

(Min.) 

980-  990 
990 - 1000 

1000 - 1010 
1010 - 1020 
1020 - 1030 
1030 - 1040 
1040 - 1050 
1050 - 1060 

' 1060 - 1070 
1070 - 1080 
1080 - 1090 
1090 - 1100 
1100 - 1110 
1110 - 1120 
1120 - 1130 
1130 - 1140 
1140 - 1150 
1150 - 1160 
1160 - 1170 
1170 - 1180 
1180 - 1190 
1190 - 1200 
1200 - 1210 
1210 - 1220 
1220 - 1230 
1230 - 1240 
1240 - 1250 
1250 - 1260 
1260 - 1270 
1270 - 1280 
1280 - 1290 
1290 - 1300 
1300 - 1310 
1310 - 1320 
1320 - 1330 
1330 - 1340 
1340 - 1350 
1350 - 1360 
1360 - 1370 
1370 - 1380 
1380 - 1390 
1390 - 1400 
1400 - 1410 
1410 - 1420 
1420 - 1430 
1430 - 1440 

Percent 
Rainfall 

0.50 
0.50 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
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FIGURE 3.5.1B 100-YEAR 7-DAY HYETOGRAPH 

TIME IN HOURS 

100 YEAR - 7 DAY HYETOGRAPH 
SCS TYPE 1A DISTRIBUTION , . 

RESOLVED TO 1 HOUR TIME STEPS 
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TABLE 3.5.1B 100-YEAR, 7-DAY DESIGN STORM HYETOGRAPH VALUES 

r 

Time From 
Beglnning 
of Storm 

(Hr.1 

0 -  1 
1 -  2 
2 -  3 
3 -  4 
4 -  5 
5 -  6 
6 - 7 
7 -  8 
8 . -  9 
9 - 10 

10 - 11 
11 - 12 
12 - 13 
13 - 14 
14 - 15 
15 - 16 
16 - 17 
17 - 18 
18 - 19 
19 - 20 
20 - 21 
21 - 22 
22 - 23 
23 - 24 
24 - 25 
25 - 26 
26 - 27 
27 - 28 
28 - 29 
29 - 30 
30 - 31 
31 - 32 
32 - 33 
33 - 34 
34 - 35 
35 - 36 
36 - 37 
37 - 38 
38 - 39 
39 - 40 
40 - 41 
41 - 42 
42 - 43. 
43 - 44 
44 - 45 
45 - 46 
46 - 47 
47 - 48 
48 - 49 
49 - 50 
50 - 51 

Time From 
Beginning 
of Storm 

(Hr.) 

51 - 52 
52 - 53 
53 - 54 
54 - 55 
55 - 56 
56 - 57 
57 - 58 
58 - 59 
59 - 60 
60 - 61 
61 - 62 
62 - 63 
63 - 64 
64 - 65 
65 - 66 
66 - 67 
67 - 68 
68 - 69 
69 - 70 
70 - 71 
71 - 72 
72 - 73 
73 - 74 
74 - 75 
75 - 76 
76 - 77 
77 - 78 
78 - 79 
79 - 80 
80 - 81 
81 - 82 
82 - 83 
83 - 84 
84 - 85 
85 - 86 
86 - 87 
87 - 88 
88 - 89 
89 - 90 
90 - 91 
91 - 92 
92 - 93 
93 - 94 
94 - 95 
95 - 96 
96 - 97 
97 - 98 
98 - 99 

Percent 
Ralnfall 

0.34 
0.34 
0.34 
0.34 
0.34 
0.34 

, 0.34 
0.34 
0.34 
0.34 
0.34 
0.34 
0.43 
0.43 
0.43 
0.43 
0.43 
0.43 
0.43 
0.51 
0.51 
0.51 
0.51 
0.51 
0.51 
0.51 
0.60 
0.60 
0.60 
0.60 
0.60 
0.60 
0.60 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.81 
0.81 
0.81 
0.81 
0.81 
0.81 
0.81 
1.15 
1.15 
1.15 
1.54 

Cumulative 
Percent 
Rainfall 

0.34 
0.68 
1.02 
1.36 
1.70 
2.04 
2.38 
2.72 
3.06 
3.40 
3.74 
4.08 
4.51 
4.94 
5.37 
5.80 
6.23 
6.66 
7.09 
7.60 
8.11 
8.62 
9.13 
9.64 

10.15 
10.66 
1 1.26 
11.86 
12.46 
13.06 
13.66 
14.26 
14.86 
15.56 
16.26 
16.96 
17.66 
18.36 
19.06 
19.76 
20.57 
21.38 
22.19 
23.00 
23.81 
24.62 
25.43 
26.58 
27.73 
28.88 
30.42 

Percent 
Rainfall 

1.54 
2.20 
3.30 
4.70 
2.30 
1.54 
1.15 
1.15 
1.15 
1.15 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.62 
0.62 
0.62 
0.62 
0.62 
0.62 
0.62 
0.62 
0.62 
0.62 
0.62 
0.62 
0.62 
0.62 
0.46 
0.46 
0.46 
0.46 
0.46 
0.46 
0.46 
0.46 
0.46 
0.46 

Cumulative 
Percent 
Rainfall 

31.96 
34.16 
37.46 
42.16 
44.46 
46.00 
47.15 
48.30 
49.45 
50.60 
51.35 
52.10 
52.85 

. 53.60 
54.35 
55.10 
55.85 . 
56.60 
57.35 
58.10 
58.85 
59.60 
60.35 
61.10 
61.72 
62.34 
62.96 
63.58 
64.20 
64.82 
65.44 
66.06 
66.68 
67.30 
67.92 
68.54 
69.16 
69.78 
70.24 
70.70 
71.16 
71.62 
72.08 
72.54 
73.00 
73.46 
73.92 
74.38 
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TABLE 3.5.1B 100-YEAR., - .  -7-DAY DESIGN STORM HYETOGRAPH VALUES 

A 

Cumulative 
Percent 
Rainfall 

74.84 
75.30 
75.76 
76.22 
76.68 
77.14 
77.60 
78.06 
78.52 
78.98 
79.44 
79.90 
80.36 
80.82 
81.28 
81.74 
82.20 

Time From 
Beginnlng 
of Storm 

(Hr-) 

99 -100 
100-101 
101-102 
102- 103 
103-104 
104-105 
105- 106 
106-107 
107- 108 
108-109 
109-110 
110-111 
111-112 
112- 113 
113-114 
114-115 
115-116 

Cumulative ' , 
Percent 
Rainfall 

95.24 
95.58 
95.92 
'90.26 
90.60 
96.94' % 

97.28 
, 97.62 

97.96 
98.30 
98.64 . . 

98.98 
09.32 
99.66 

100.00 

Time From 
Beginning 
of Storm 

(Hr.) 

' 153-154 
154-155 
155-166 
156- 157 
157-158 
158-159 
159-160 
160-161 
161 - 162 
162-163 
163-164 
164-165 
165-166 
166-167 
167- 168 

t 

. . 

I 
! 
i 
I 

I 

Percent 
Rainfall 

0.46 
0.46 

. 0.46 
0.46 ' , 

0.46 
0.46 
0.46 
0.46 
0.46 
0.46 
0.46 
0.46 
0.46 . 
0.46 
0.46 
0.46 
0.46 

Percent 
Ralnfall 

0.34 
0.34 
0.34 
0.34 
0.34 
0.34 
0.34 
0.34 
0.34 
0.34, 
0.34 
0.34 
0.34 
0.34 . 
0.34 

1 

82.66 
83.00 
83.34 , ' 

83.68 
84.02 
84.36 
84.70 ' 

85.04 
85.38. 

' 85.72 
86.06 
86.40 
86.74 
87.08 , 

87.42 
87.76 
88.10 
88.44 
88.78 
89.12 
89.46 
89.80 
90.14 ' 

90.48 
90.82 
91.16 
91.50 
91.84 
92.1 8 
92.52 
92.86 
93.20 
93.54 
93.88 
94.22 
94.66 
94.90 

116-117 
117-118 
118-119 

. 119-120 
120-121 
121 - 1.22 
122- 123 
123-124 
124-125 
125-126 
126- 127 
127-128 
128- 129 
129- 130 
130-131 
131 -132 
132-133 . 
133-134 
134- 135 
135-136 
136-137 
137-138 
138- 139 
139- 140 
'140- 141 
141 -142 
142-143. 

.' 143-144 
144- 145 
145-146, 
146-147 
147-148 
148-149 
149: 150 
150-151 
151 -152 
152-153 

0.46 
0.34 
0.34 
0.34 
0.34 

' 0.34 
0.34 
0.34 ' 

0.34 
0.34 
0.34 
0.34 
0.34 ' 

0.34 
0.34'. 
0.34 
0.34' 
0.34 
0.34 
0.34 
0.34. 

' 0.34 
0.34 
0.34 
0.34 
0.34 . 
0.34 
0.34 
0.34 
0.34 
0.34 * 

0.34 
0.34 . 
0.34 ' 

0.34 
0.34 
0.34 
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FIGURE 3.5.1C 2-YEAR 24-HOUR ISOPLUVIALS 

,3.4- ISOPLUVIALS OF 2-YEAR 24-HOUR 
TOTAL PRECIPITATION IN INCHES 
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FIGURE 3.5.1D 5-YEAR 24-HOUR ISOPLUMALS 

5-YEAR 24-HOUR PRECIPITATION 
+ 3.4 - ISOPLUVIALS OF 5-YEAR 24-HOUR 

.. TOTAL PRECIPITATION IN INCHES 
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FIGURE 3.5.1G 50-YEAR 24-HOUR ISOPLUVIALS 
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FIGURE 3.5.1H 100-YEAR 24-HOUR ISOPLUVIALS 
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FIGURE 3.5.11 100-YEAR 7-DAY ISOPLUVIALS 
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' 3.5.2 RUNOFF PARAMETERS' 

All storm event hydrograph methods require the input of parameters which describe the physical 
drainage basin characteristics. These parameters provide the basis from which the runoff 
hydrograph is developed. This section describes the three key parameters (area, curve number, 
and time of concentration) used to develop the runoff hydrograph using the method of hydrograph 
synthesis in Section 3.5.3. 

Area 0 

To obtain the highest degree of accuracy in hydrograph analysis requires the proper selection of 
homogeneous basin areas. Significant differences in land use within a given drainage, basin must 
be addressed by dividing the basin area into subbasin areas of similar land use and/or runoff 
characteristics. For example, a drainage basin consisting of a concentrated residential area and a 
large forested area should be divided into two subbasin areas accordingly. Hi/drographs.should 
then be computed for each subbasin area and summed to form the total runoff hydrograph for the 
basin. I 

- .  - 
To further enhance the accuracy of hydrograph analysis, all pervious and impervious areas within a 
given basin or subbasin shall be analyzed separately. .This may .be done by eithei computing 
separate hydrographs for each area and combining them to form the total runoff hydrograph or, 
computing the precipitation excess for each area and combining the two to obtain the total 
precipitation excess which is then used to develop the runoff hydrograph (this procedure is 
performed automatically by the Santa Barbara Urban Hydrograph method explained further in 
Section 3.5.3, ,"Hydrograph Synthesis"). By analyzing pervious and impervious areas separately 'i' 
the errors associated with averaging these areas are avoided and the true Shape of the runoff 
hydrograph i s  better approximated. 

Curve Number 

The Soil Conservation Service (SCS) has for many years conducted studies into the runoff . ,. 
characteristics of various land types. After gathering and analyzing extensive data, SCS has 
developed relationships between land use, soil type, vegetation cover, interception, infiltration, ' 

surface storage, and runoff. These relationships.have been characterized by a single ru'noff 
coefficient called a "curve number." The National Engineering Handbook - Section 4: Hydrology 
(NEH-4, SCS, August 1972) contains a detailed description of the development and use of the 
curve number method. 

: 

SCS has developed "curve number" (CN) values based on soil type and land use. The combination 
of these two factors is called the "soil-cover complex." The soil-cover complexes have been 
assigned to one of four hydrologic soil groups, according to their runoff characteristics. SCS has 
classified over 4,000 soil types into these four soil groups. Table 3.5.2A shows the hydrologic soil 
group of the most common soils in King County and provides a brief description of the four 
hydrologic soil group classifications. 

Table 3.5.28 shows the CNfs, by land use description, for the four hydrologic soil groups found in 
King County. These numbers are for a 24-hour duration storm and typical antecedent soil moistuie 
conditions preceding 24-hour storms in We'stern Washington. Note these CN's are not, therefore, 
"average," but rather calibrated by the SCS for Western Washington and should not be used with 
"wet" or "dry" modifications when following the method'as applied in this manual, If using the 
SCS method calibrated to actual rainfall and/or runoff data, then start with the original SCS CN's 
published in TR-55 and make modifications as necessary. , 

. The following are important criteria/considerations for selection of CN' values: 

(1) Many factors may affect the CN value for a given land use. For example, the movement of 
heavy equipment over bare ground may compact the soil so that it has a lesser infiltration rate,, 
and greater runoff potential than would'be indicated by strict application of the CN value based 
on prede,velopment conditions at ,the site. 
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(2)  CN values can be area weighted when they apply t o  pervious areas of similar CN's (wi th in  20 
CN points). However, high CN areas should not be combined with low CN areas (unless the  
low CN areas are less than 15% o f  the  subbasin). In this case, separate hydrographs should be  
gonerated and summed t o  fo rm one hydrograph. 

FIGURE 3.5.2A HYDROLOGIC SOlL GROUP OF THE SOILS IN KING COUNTY 

From SCS, TR-55, Second Edition, June 1986, Exhibit A-1. Revisions made from SCS, Soil Interpretation 
Record, Form #5, September 1988. 

SOIL GROUP 

Alderwood 
Arents, Alderwood Material 
Arents, Everen Material 
Beausite 
Bellingham 
Briscot 
Buckley 
Coastal Beaches 
Earlmont Silt Loam 
Edgewick 
Everen 
lndianola 
Kitsap 
Klaus 
Mixed Alluvial Land 
Neilton 
Newberg 
Nooksack 
Normal Sandy Loam 

HYDROLOGIC SOlL GROUP CUSSIFICATIONS 

A. (Low runoff potential). Soils having hlgh infiltration rates, even when thoroughly wetted, and consisting 
chiefly of deep, well-to-excessively drained sands or gravels. These soils have a hlgh rate of water 
transmission. 

0. (Moderately low runoff potential). Soils having moderate infiltration rates when thoroughly wetted, and 
consisting chiefly of moderately fine to moderately coarse textures. These soils have a moderate rate of 
water transmission. 

C. (Moderately high runoff potentiai). Soils having slow infiltration rates when thoroughly wetted, and 
consisting chiefly of soils with a layer that impedes downward movement of water, or soils with moderately 
fine to fine textures. These soils have a slow rate of water transmission. 

D. (High runoff potential). Soils having very slow infiltration rates when thoroughly wetted and consisting 
chiefly of clay soils with a hlgh swelling potential, soils with a permanent high water table, soils with a 
hardpan or clay layer at or near the surface, and shallow soils over nearly impervious material. These soils 
have a very slow rate of water transmission. 

HYDROLOGIC 
GROUP* 

C 
C 
0 
C 
D 
D 
D 

Variable 
D 
C 
A /B 
A 
C 
C 

Variable 
A 
B 
C 
D 

SOIL GROUP 

Orcas Peat 
Oridia 
Oval1 
Pilchuck 
Puget 
Puyaliup 
Ragnar 
Renton 
Riverwash 
Salal 

Sammamish 
Seanle , 

Shacar 
Si Silt 
Snohomish 
Sultan 
Tukwila 
Urban 
Woodinville 

HYDROLOGIC 
GROUP* 

D 
D 
C 
C 
D 
B 
0 
D 

Variable 
C 
D 
D 
D 
C 
D 
C 
D 

Variable 
D 
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TABLE 3.5.2B SCS WESTERN WASHINGTON RUNOFF CURVE NUMBERS 

RUNOFF CURVE NUMBERS (Published by SCS in 1982) 

agricultural, suburban and urban land use for Type 1A 
rainfall distribution, 24-hour storm'duration. , . . 

LAND USE DESCRIPTION r- CURVE NUMBERS BY 1 
HYDROLOGIC SOIL GROUP 

A B C D  

Cultivated land(1): winter condition 86 91 94 95 

Mountain open areas: low growing brush and grasslands 

Meadow or pasture: 

Open spaces, lawns, parks, golf courses, cemeteries, 
landscaping, 

good condition: grass cover on 75% 
or more of the area 

fair condition: - .grass cover on .50% 
to 75% of the area 

Wood or forest land: ,undisturbed or older second growth 
Wood or forest land: young second growth or brush 
Orchard: with cover crop . 

74 82 89 92 

65 78 85 89 

42 64 76 .81 
55 72 81 86 
81 88 92 94 

3 ' .  

..i . - - 

Gravel roads and parking lots 
Dirt roads and parking lots 

Single Family Residential (2) 
. * 

Impervious surfaces, pavement, roofs, etc. 
Open water bodies: lakes, wetlands, ponds, etc. 

'Dwelling Unit/Gross Acre 
. . 1 .O DU/GA 

1.5 DU/GA 
2.0 DU/GA 
2.5 DU/GA 
3.0 DU/GA 
3.5 DU/GA 
4.0 DU/GA 
4.5 DU/GA 
5.0 DU/GA 
5.5 DU/GA 
6.0 DU/GA 
6.5 DU/GA 
7.0 DU/GA 

7 6 . 8 5  89 91 
72 . 82 87 89 

98 98 98 98 
100 100 100 100 

Planned unit developments, 
condominiums, apartments, 
commercial business and 
industrial areas. 

. . 

% Impervious (3) 
15 
20 
25 
30 
34 
38 
42 
46 
48 
50 , 

52 
' 54 

56 - 
Oh impervious 
must be computed 

Separate curve number 
shall be selected 
for pervious and. 
impervious portion 
of the site or basin 

L 1 I 
(1) For a more'detailed description of agricultural land use curve numbers refer to National Engineering 

.Han'dbook, Section 4, Hydrology, Chapter 9, August 1972. 
(2) . Assumes roof and driveway runoff is directed info street/storm system. 
(3) The remaining pervious areas (lawn) are considered to be in good condition for these curve numbers. 
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(3) Separate CN values must be selected for the pervious and impervious areas of an urban basin or 
subbasin. For single family residential areas the percent impervious given in Table 3.5.28 shall be 
used to compute the respective pervious and impervious areas. For proposed commercials, 
P.U.D.'s etc., the percent impervious must be computed from the site plan. For all other land uses 
the percent impervlous must be estimated from best available aerlal topography and/or field 
reconnaissance. The pervious area CN value shall be a weighted average of ail the pervious area 
CN's within the subbasin. The impervious area CN value shall be 98. 

(4) For storm duration other than 24 hours, an adjustment must be made to the CN values given in 
Table 3.5.28. Based on information obtained from SCS, the following equation shall be used for 
adJustin$ these CN's for the 7day design storm: 

Example: The following Is an example of how CN values are selected for a sample project. 

Select CN's for the following development: 

Existing Land Use -- forest (undisturbed) 
Future Land Use -- residential plat (3.6 DU/GA) 
Basin Size -- 10 acres 
Soil Type -- 80% Alderwood, 20% Ragnar 

Table 3.5.2A shows that Alderwood soil belongs to the "Cu hydrologic soil group and Ragnar soil belongs 
to the "0" group. Therefore, for the existing condition, CN's of 76 and 64 are read from Table 3.5.28 and 
area weighted to obtain a CN value of 74. For the developed condition with 3.6 DU/GA the percent 
impervious of 39 percent is interpolated from Table. 3.5.28 and used to compute pervious and impervious 
areas of 6.1 acres and 3.9 acres respectively. The 6.1 acres of pervious area consists of yards and lawns 
covering the same proportions of Aidewood and Ragnar soil (80 percent and 20 percent respectiveiy). 
Therefore, CN's of 90 and 85 are read from Table 3.5.28 and area weighted to obtain a pervious area CN 
value of 89. The impervious area CN-value Is 98. The result of this example are summarized below: 

4 
5 

On-Site Condition Existing pevelo~ecj 

Land use Forest 
Pervious area 10 ac. 
CN of pervious area 74 
impervious area 0 ac 
CN of lmpervlous area --- 

Residential 
6.1 ac. 
89 
3.9 ac 
98 

SCS Curve Number Equatlona 

The rainfall-runoff equations of the SCS curve number method relates a land area's runoff depth 
(precipitation excess) to the precipitation it receives and to its natural storage capacity, as follows: 

Q, = (P, - 0 . 2 ~ ) ~  /(PR + O.8S)for P, 0.2s 

and Q, = 0 for P, < 0.2s 

where 

Q, = runoff depth in inches over the area, 
P, = preclpttation depth in inches over the area, and . 
S = potential maximum natural detention, in inches over the area, 

due to infiltration, storage, etc. 
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The area's potentlal maxlmum detentlon, S, Is related to Its curve number, CN: '. 

The comblnatlon of the above equations allows for estimation of the total runoff volume by cornputlng the 
total runoff depth, Q,, given the total preclpltation depth, P,. For example, If the curve number of the area 
is 70, then the value of S Is 4.29. With a total preclpltation for the deslgn event of 2.0 inches, the total 
runoff depth would be: 

This computed runoff represents Inches over the tributary area. Therefore, the total volume of runoff Is 
fo,und by multiplying Q, by the area (with necessary converslons): 

I 

Total runoff ' 

. Volume = 3,630 X Q, X ' A 
(cu-ft) (cu-ft/ac-in) (in) (ac) 

If the area Is 10 acres, the total runoff volume is: 

3,630 cu. ft./acre-In. x 0.24 In, x 10 acres = 8,712 cu. Y, 

When developlng the runoff hydrograph, the above equation for Q, Is used to compute the Incremental ,. , 

runoff depth for each time interval from the incremental precipltatlon depth,given by the deslgn storm . F:; 
hyetograph. Thi's tlme dlstributiori of runoff depth 'Is often referred to as the precipitation excess and 
provides the basis for synthesizing the runoff hydrograph. . . 
Travel Time and Time of Concentratlon for Use In Hydrograph Analysis 
(based on the,methods described in Chapter 3, SCS publlcation~210-VI-TR-55, Second Ed., June 1986) 

Travel time (T,) Is the tlme it takes water to travel from one location to another in a watershed. T, is a 
component of tlme of concentration (T,), which Is the time for runoff to travel from the hydraullcally most 
distant point of the watershed. T, is computed by summing ail the travel times for consecutive 
components of the drainage conveyance system. T, influences the shape and peak of the runoff 
hydrograph. Urbanization usually decreases T,, thereby increasing the peak discharge. But T, can be 
increased as a result of (a) ponding behind small or Inadequate drainage systems, lncludlng storm draln 
Inlets and road culverts, or (b) reduction of land slope through grading. 

Water 'moves through a watershed as sheet flow, shallow concentrated flow, open channel flow, or some 
comblnation of these. The type that occurs is best determined by field Inspection. 

Travel time (T,) is the ratio of flow length to flow~velocity: 

T, = &v [Travel Time Equatlbn] 

, .  . 
where 

TI = travel tlme (min) ! 

L = flow length (ft) ' . 
V . 5 average velocity (ft/s), and 
60 = converslqn factor from seconds t@ minutes. 

Time of concentration (T,) is the sum of T, values for the various consecutive flow segments. 
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where 

T, = time of concentration (min), and 
m = number of flow segments 

Sheet Flow: Sheet Row Is Row over plane surfaces. It usually occurs In the headwater of streams. Wlth 
sheet flow, the frlction value (nJ (a modtfled Manning's effectlve roughness coefficlent that Includes the 
effect of raindrop Impact; drag over the plane surface; obstacles such as litter, crop ridges, and rocks; and 
erosion and transportation of sediment) Is used. These n, values are for very shallow flow depths of about 
0.1 foot and are only used for travel lengths up to 300 feet. Table 3.5.2.C glves Manning's n, values for 
sheet flow for various surface condltlons. 

For sheet flow up to 300 feet, use Manning's kinematic solution to directly compute T,: 

Sheet flow: T, = 
0.42 ( n , ~ ) ~ ' ~  

(P2) O a 5  (so) 0.4 

where 

T, =traveltlme(min), 
= sheet flow Manning's effectlve roughness coefficlent (from  able 3.5.2C), C. = now length (fi). 

P, = 2-year, 24-hour rainfall (in), (see Figure 3.5.1C) and 
So = slope of hydraulic grade line (land slope, ft/ft) 

Velocity Equation 

A commonly used method of computing average velocity of flow, once It has measurable depth, Is the 
following equation: 

v = k K  

where: 

V = velocity (ft/s) 
k = time of concentration velocity factor (ft/s) 
so, = slope of flow path (ft/ft) 

" k  is computed for various land covers and channel characteristics with assumptlons made for hydraullc 
radius using the following rearrangement of Manning's equation: 

k = (1.49 (R) 0.8e7 )In; 

where 

R = an assumed hydraulic radius 
n = Mannlng's roughness coefficient for open channel flow (from Table 4.3.78 In Chapter 4) 



,TABLE 3.5.2C "n" AND "k" VALUES USED IN TIME CALCULATIONS FOR HYDROGRAPHS 

"o,' Shoot Flow Equatlon Manning's Values (For the Inltlal 00 d travel) n.* 

Smooth sudaces (concrete, asphalt, gravel, or bare hard packed d l )  
, 0.01 1 

Fallow fields or loose sol1 surface (no resklue) 0.05 ' 

Culllvated sol1 with residue cover ( s < = 0.20 h/00) 0.08 

Cultbated ioll wilh resldue~cwer (S> 0.20 k/R) 0.17 

Short prairie grass and lawns 0.15 

Dense grasses 0.24 

Bermuda grass 

Range (natural) 

Woods or forest wlth light underbrush 

Woods or forest wlth dense underbrush 0.80 

Wannlng values lor sheet flow only, from Ovation and M@dowa 1076 (See TR-65. 1888) 

'k' Values Used In Travel Tlme/Tlme d Concentration Calculations 

Shallow Concentrated Flow (Aher the lnnlal 300 fl. d sheel flow. R - 0.1) k, 

1. Forest wlth heavy ground llner and meadows (n-0.10) 3 

2. Brushy ground wkh some trees (n - 0.060) 

3.. Fallow or mlnlmum tlllage cultlvatlon (n -0.040) 

.4. High grass (n - 0.035) 

5. Short grass, pasture and lawns (n-0.030) 

6: Nearly bare ground (n00.025) 13 

7. Paved and gravel ereas (n-0.012) 27 

Chan~iol Flow (Intormlttenl) (At Ihe boglnnlng d visible cbnnels: R-0.2) kc 

1. Forested swale whh heavy ground lltler (n = O.l?) 5 

2. , Forostod drainage coursa/ravlne wlth delined channgl bed (n-0.050) 10 

3. Rock-llned watorway (n-0.035) 

4. Grassod waterway (n-0.030) 

5. Earth-llned wate&ay (11-0.025) 

6. CMP plpe (n-0.024) 21 

7. Concrete pipe (0.012) 42 

8. Other watelways and plpes 0.508/n 

Channel Flow (Contlnuous stream, R - 0.4) kc 

0. Meandering stream wkh some pods (n - 0.040) 20 

10. Rock-llned stream (n-0.035) 

11. Grass-lined stream (n=0.030) 

12. Other streams, man-made channels and pipe 0.807/n8* , , 

**See Chapter 5. Table 5.3.6C for additional Mannlngs 'n' values for open channels 
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Shallow Concentrated Flow: After a maximum' of 300 feet, sheet flow is assumed to become shallow 
concentrated flow. The average velocity for this flow can be calculated uslng the k, values from Table 
3.5.2C in which average velocity is a function of watercourse slope and type of channel. After computing 
the average velocity using the Velocity Equation above, the travel time 0;) for the shallow concentrated 
flow segment can be computed using the Travel Time Equation described above. 

Open Channel Flow: Open channels are assumed to begin where surveyed cross section Information 
has been obtained, where channels are visible on aerlal photographs, or where lines indicating streams 
appear (in blue) on United States Geological Survey (USGS) quadrangle sheets. The kc values from Table 
3.5.2C used in the Veloclty Equation above or water surface profile information can be used to estimate 
average flow velocity. Average flow velocity is usually determined for bank-full conditions. After average 
velocity is computed the travel time (T,) for the channel segment can be computed using the Travel Time 
Equation above. 

Lakes or Wetlands: Sometimes it is necessary to estimate the velocity of flow through a lake or wetland 
at the outlet of a watershed. This travel time is normally very small and can be assumed as zero. Where 
signlficant attenuation may occur due to storage effects, the flows should be routed uslng the "level pool 
routing" technique described in. Section 3.5.4. 

Limitations: The following limitations apply in estimating travel time (T,). 

o Manning's kinematic solution should not be used for sheet flow longer than 300 feet. 

o in watersheds with storm sewers, carefully identify the appropriate hydraulic flow path to estimate T,. 
Storm sewers generally handle only a small portion of a large event. The rest of the peak flow 
travels by streets, lawns, and so on, to the outlet. Consult a standard hydraulics textbook to 
determlne average velocity in pipes for either pressure or nonpressure flow. 

o A culvert or bridge can act as a reservoir outlet if there is significant storage behind It. A 
hydrograph should be developed to this point and the "level pool routing" technique described in 
Section 3.5.4 should be used to determine the outflow rating curve through the culvert or bridge. 

Example: The following is an example of travel time and time of concentration calcuiations. 

Given: An existing drainage basin having a selected flow route composed of the following 5 segments: 

(Note: Drainage basin Is in Federal Way and has a P, = 2.1 inches, from Figure 3.5.1c.) 

Segment 1: L = 200 ft, Forest with dense brush (sheet flow) 
so = 0.03 ft/ft, n, = 0.80 

Segment 2: L = 300 ft, Pasture (shallow concentrated flow) 
so =. 0.04 ft/ft, k, = 1 1 

Segment 3: L = 50 ft, Small pond (year around) 
so = 0.00 ft/ft, kc = 0 

Segment 4: L = 300 ft, Grassed waterway (intermittent channel) 
s, = 0.05, k, = 17 

Segment 5: L = 500 ft, Grass-lined stream (continuous) 
so = 0.02, kc = 27 
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Calculate travel times (T,'s) for each reach and then sum them to calculate the drainage basin time of 
concentration (T,). 

segment 1: Sheet flow, T, 1 = 0.42 (n,L) O S e  

(L c 300 feet) (P,)~.~ (s,,)~'~ 

Segment 2: Shallow concentrated flow V = k, ,m 
v, = (1 1). @iq = 2.2 ft/s 

Segment 3: ,Fiat water surface 

7, = 0 minutes , 

Segment 4: Intermittent channel flow 

T, = @JgJ = 1 minute . . . 

M(3.8) 

Segment 5: Continuous stream 

T, = (500) = 2 minutes 
60(3.8) 

T, = 68 t 2 + o + 1 + 2 = 73 minutes 

it is important to note how the initial sheet flow segment's travel timedominates the time of concentration 
computation. This will nearly always be the case for relatively small drainage basins and in particular for 
the existing site conditions. This also illustrates the slgnlficant impact urbanization has on the surface 
runoff portion of the hydrologic process. 

3.5.3 HYDROGRAPH SYNTHESIS 

This sectlon presents a description of the hydrograph methods used to synthesize the runoff hydrograph 
from precipitation excess. (time distribution of runoff depth) and time of concentration. 

King County the SWM Division staff have used and tested two similar hydrograph methods: the Soil 
Conservation Service Unit Hydrograph (SCSUH) method and the Santa Barbara Urban Hydrograph 
(SBUH) method. Both methods are based on the SCS Curve Number (CN) approach and utilize basic 
SCS equations for computing soil absorption and precipitation excess. The SCSUH method works by 
converting the incremental runoff depths (precipitation excess) for a given basin and design storm into unit 
hydrographs of equal time base according to basin time of concentration and adds them to form the total 
runoff hydrograph. The SBUH method, on the other hand, converts the incremental runoff depths into 
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instantaneous hydrographs which are then routed through an imaginary reservoir with a time delay equal 
to the basin time of concentration. Based on comparison of both methods, King County the SWM Division 
staff have found the SBUH method to be the more consistent and better suited for analysis of relatively 
small subbasins. Therefore, the SBUH method has been chosen as the "yard stick" method for 
hydrograph analysis in King County. (Note, no field testing has been conducted of this method, however, 
data is being collected that may be useful in calibrating the parameters locally.) 

Other hydrograph methods will be accepted if they can be shown to provide consistent and reasonable 
results similar to the SBUH method. The SCSUH method, also known as the SCS TR-20 method, and 
others will be acceptable within the limitations given In Figure 3.2A. 

The Santa Barbara Urban Hydrograph Method 

The Santa Barbara Urban Hydrograph (SBUH) method was developed by the Santa Barbara County Flood 
Control and Water Conservation District, California. The SBUH method directly computes a runoff 
hydrograph without going through an intermediate process (unit hydrograph) as the SCSUH method does. 
By comparison,, the calculation steps of the SBUH method are much simpler and can be programmed on 
a calculator or a spreadsheet program. 

W The SBUH method uses two steps to synthesize the runoff hydrograph: 

Step one - computing the instantaneous hydrograph, and 

Step two - computing the runoff hydrograph. 

The instantaneous hydrograph, 1(t), In cfs, at each time step, dt, is computed as follows: 

where 

R(t) = total runoff depth (both impervious and pervious runoffs) at time Increment dt, in Inches 
(also known as precipitation excess) 

A = area In acres 

dt = time interval in minutes* 

*NOTE: A maxlmum time Interval of 10 minutes will be used for all design storms of 24-hour duration. 
A maxlmum time interval of 60 minutes will be used for the 100-year, 7-day design storm. 

The runoff hydrograph, Q(t), is then obtained by routing the Instantaneous hydrograph I(t), through an 
imaginary reservoir with a time delay equal to the time of concentration, Tc, of the drainage basin. The 
following equation estimates the routed flow, Q(t): 

where, 

w = dt/(2Tc + dt), dt = time interval in minutes 

Example: To Illustrate the SBUH method, Figure 3.5.3A shows a runoff hydrograph computed by this 
method. Note, this example was prepared using the LOTUS 123 spreadsheet program and Illustrates how 
well the method can be performed with a personal computer. 
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FIGURE 3.5.3A EXAMPLE SBUH RUNOFF HYDROGRAPH-PAGE 1 . . 

Compute:  xid ding Runoff Hydrograph 
Given: East .Kent Hill Project 

im ~,; f$<~::+~~,&l~ , , . , . . . . ~ ~ ~ . : & & ~ ~ : ; ; , ~ : , ; ~ $ ~ < ~ ~ ~ ; ~ ; ~ ; ; ~ ; ~ ; ~ ; ;  
' ~ t  = 1 0 acres 

, P t= '  2.9 Inches 
dt= 10 min 

Tc = 73 min 
w 3 0.064 =dt I (TTc+dt) - 

Equations: Col.[2]= Prevlous Col.[2] + dt Time Elapsed 
col.[3]=' SCS Type 1A Rainfall Distribution (24hour Table 3.5.1A) 
C01.[4]= Col.[3] Pt = 10-year, 2Qhour H~tograph = Incremental Rainfall 
Col.[S]= Prevlous Col.[4] + Present Col.[3] s Accumulated Rainfall 
Co1.[6]= ' 1 Col.[S]<=O.2Sp, then = 0.0, else ='(COI.[S]-O.~S~)~~ I (CoI.[S] +O.BSp) 
Col.m=' Present Co1.[6] - Previous Col.[6]. = Pew. Area Incremental Runoff : i 

Col.[8]= If Col.[S]<=O.2SI, then = 0.0, else. = (C01.[5]-0.2S1)~2 1 (Co1.[5]+0.8SI) . ..- 
Co1.[9]= Present Col.[8] - Previous Col.[B] ='Imp. Area Incremental Runoff . - 
Col.[l O]= ((AplAt) ' Co1.m) + ((AVAt) Co1.[9]) 1 Total Project Runoff , 

Col.[l l]= (60.5 Co1.[10] At) I dt = Instant Hydrograph .._ - 
Col.[l2]= Previous Col.[l2] + w ' (Prevlous.Col.[l 1] + Present Col.[ll] - 2 ' previous Col.[l2]) 
Volumes Sum of Col.[l2] ' dt (60 sec./min.) 

~ ~ ~ : ~ & ~ o u ~ ~ ~ ~ ' ; ~ ~ ; ~ ~ ~ ~ ~ ~ ~ , ; i m p ~ ~ u ~  ' A ~ ~ ~ ~ ~ < ~ ~ ~ , [ ~ ~ : ~ ~ ~ ~ ~  :fs:; .... 
AP s 10.W 

CNp = 74 
Sp = 3.51 

0,2Sp = 0.70 

AI = 0.00 
CNl 0 98 

81 = 0.20 
0.2SI = 0.04 

acres 

inches 
Inches 
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FIGURE 3.5.3A EXAMPLE SBUH RUNOFF HYDROGRAPH-PAGE 3 , 

Imp. CN = 98.0 Imp. Area = 0.00 Tc (min) = 73.0 









3.5.4 HYDROGRAPH ROUTING 

This section presents the methodology for routing a hydrograph through an existing 
retentionldetention facility or closed depression, and for sizing a new retentionldetention facility 
using hydrograph analysis. 

Storage Routing Technique 

The "level pool routing" technique presented here is one of the simplest and most commonly used 
hydrograph routing methods. (Note, it is included as the "Route" subroutine in the "HYDn.program 
included with this Manual) This method is described in "Handbook of Applied Hydrology," Chow, 
Ven Te, 1964, and elsewhere, and is based on the continuity equation: 

Inflow - Outflow = Change in storage 

where 

I = Inflow at time 1 and time 2 , . 

0 = . outflow at time .1 and time 2 
S = .  Storage at time 1 and time 2 
At = Time interval, 2-1 

The time interval, At, must be consistent with the time interval used in de,veloping the inflow 
hydrograph. .As indicated in Section 3.5.3, the time interval used for a 24-hour storm is 10 minutes 
while the time interval used f0r.a 7-day storm is 60 minutes. The At. variable can be eliminated by' , 
dividing it into the storage variables to obtain, the following rearranged equation: 

I, + I, + 2s;-0,  = 0, +2S2 
' 

If the time interval, At, is in minutes, the units of storage (Sl are now [cftminl which can be 
approximated* to cfs by multiplying times 1 mint60 sec. . 

.  he terms on the left-hand side of theequation are known from the inflow hydrograph and from the 
storage and outflow values of the previous time step. The unknowns 0, and S, can be solved 
interactively from the given stage-storage and stage-discharge curves. 

The following section gives the specific hydrograph routing steps: 

(1 1 Develop stage-storage relationship: 

o For retentiontdetention facilities with venical sides (vaults); the stored volume is simply ,..! 
the bottom area times the height. , . "';I 

o For ponds with equil sides and 3:1 eide slopes, the stored volume can be approximated' 
by averaging the pond surface area with the bottom area. The followiw equation was 

. derived based on this assumption and for a square pond but provides a reasonable trial 
estimation for typical ponds of other shapes. 
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where 

H = stage height (ft.) or water depth above pond bottom 
A, = area of pond bottom (sq. ft.) 
S(H) = storage (cu. ft.) at stage height, H. 

Actual pond volumes and surface areas should be computed based on the following 
equation: 

where h = depth, A+ = area of top, and A, = area of the bottom (see Pond Geometry 
Equations in the Reference Section) 

o For irregularly shaped areas the stage-storage curve may be developed as follows: 

a) Obtain topographic contours of an existing or proposed retentionldetention facility 
site and planimeter (or otherwise compute) the area enclosed by each contour. For 
example, see Figure 3.5.4A in which each contour represents a one-foot interval. 
Contour 71 is the lowest portion of the site and represents zero storage. 
Contour 76 represents a potential stage of 5 feet above the bottom the facility. 

FIGURE 3.5.4A PROPOSED RETENTION/DETENTION SITE CONTOURS AT ONE-FOOT INTERVALS 

Area within each 
contour 

600 sq. 11. 
4400 sq. 11. 
8700 sq. 11. 

11400 sq. It. 
14500 sq. It. 
19000 sq. 11. 

bl Calculate the average end area within each set of contours. For the example given 
above, the average end area between contours 71 and 72 would be: 

+ 4400 
= 2500 sq. ft. 

2 



K I N G  C O U . N T Y ,  W A S H I N G T O N ,  S U R F A C E  W A T E R  D E S I G N  M A N U . A L  

C) Calculate the volume between each set of contours by multiplying the average end 
area within each set of contours by the difference in elevation. To illustrate, the 
volume between contours 71 and 72 would be: 

(2500)(1 foot) = 2500 cu. .ft. 

Similarly, 

Area 72-73 - 6550 cu. ft. 
Area 73-74 - 10050 cu. ft. 
Area 74-75 - 12950 cu. ft. 
Area 75-76 - 16750 cu. ft. 

d) Define the total storage below each contour. This is just the sum of the volumes 
computed in the.previous steq up to the contour in question. For example, there is 
no storage below contour 71, 2500 cu. ft. below Contour 72, and (6660 + 25004 
= )  9050:cu. ft. below Contour 73. ..,. . 

I 

In summary, . 

Contours. .Staaq S u m o f .  Total Volumg 

Contours 7 1-72 1 O +  2500 = 2500cu.>ftft. 
Contours.72-73 , 2 ' 2500 + 6500 = 9050 cu..ft. 
Contours 73-74 3 ' 9 0 5 0 +  10050 = 191OOcu.'ft. 
Contours 74-75 4 19100 + 12950 = 32050 cu. ft. 
Contours 75-76 5 32050 + 16750 = 48800 cu. ft. 

.Figure 3.5.48 is a.plot of the stage-storage relationship for this example.. The curve will be needed in 
later steps. 

FIGURE 3.5.4B STAGE-STORAGE RELATIONSHIP 

STORAGE (cubic feet11 000) 

(2) ~evelod a curve called the "routing curve" which is simply a plot of outflow for a given stage ,"  '. 
versus a term, 0 + 2S, for the same stage. This curve may be easily plotted by setting up a 
table like Table 3.5.4A. The units for'the expression of outflow, 0, are cubic-feet per second . 
for the time period of interest. For this example, the time period, At, of 60 minutes will be used 
for illustrative purposes. (Usually At will be 10 minutes to correspond to the time steps used in 
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preparing the hydrographs.) Therefore, all variables in the rearranged continuity eqiation must 
,have the units of cfs. This means that the storage which was plotted in cubic feet must be 
converted from ft3 to cfs by dividing it by the time interval, At. For the storage below 
Contour 72 this would be: 

3 = 2500 ft3 1 m i o  = 0,694 cfs 
At (60 min) 60 sec 

TABLE 3.5.4A TABULATION OF DATA FOR ROUTING CURVE 

Outflow' 
Elevation Stage 0 
m rn sf;s 

Storage 
S 

G i c  

from 8" orifice, stage-discharge relationship [O = (orifice areal(0.62) G, where h = stage1 

* *  from stage-storage curve, Figure 3.5.48, volume converted to cfs for 60-minute time intervals. 

For this example, the maximum allowable outflow was arbitrarily selected to be 4.0 cfs (this 
value is normally the pre-developed runoff rate from the site) and the maximum stage in the 
pond of 5 feet. 

The "Outflown column in table 3.5.4A is the stage-discharge relationship for an 8-inch orifice 
outlet pipe. The 8-inch pipe size was chosen because the maximum allowable outflow is 
approximately 4.0 cfs at the maximum desired storage depth of'5 feet. From Table 3.5.4A, the' 
routing curve is plotted as shown in Figure 3.5.4C. 

(3) The final step is to route the inflow hydrograph through the proposed storage facility by 
completing successive columns of Table 3.5.48 for each time period. For illustrative purposes a 
simple triangular shaped inflow hydrograph will be assumed as shown in Figure 3.5.4D. 

FIGURE 3.5.4C ROUTING CURVE FOR t = 60 MINUTES 

OUTFLOW + 2 STORAGE 
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FIGURE 3.5.4D SIMPLIFIED EXAMPLE OF INFLOW HYDROGRAPH 

QALLOWABLE 4.0 d S  
(maximum outflow desired) 

TIME (hours) 

TABLE 3.5.48 TABULAR CALCULATION OF OUTFLOW USING LEVEL POOL ROUTING 

Row Variables 

I1 , 

12 

2S1' 

l1+i,+2Sl 

01 
0, + 2S2 

Stage, (ft) 
Elevation (ft) 

Time Periods .( a t  = 60 min/usuallyat = 1 Omin.)) 
3' 4 .  ' 5 6 7 8 9 

* Maximum floodplain elevation 

The routing table is completed by the following steps. ' Keep In mind the equation used: 

I, + I, + 2S1 - 0, = 0, + 2S2. (For each time period,at) 

SteD 
1. initial Inflow, I,, is the inflow at the beginning of each time period and is read from the inflow 

hydrograph for each time period. For period 1, I, i n  this example is zero, and this Is entered 
In Row (1) of the routing'table. 
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2. I,, inflow at the end of the time period, is read from the lnflow hydrograph, and entered in Row 
(2) for each time period. This same value Is the lnltlal lnflow for the next tlme perlod. For our 
example, I,, for time period 1 is 2.34 cfs; this.is also entered in Row (1) of time period 2 as I,. 

3. Two times the initial storage, 2S,, is entered in Row (3). For the example, initial storage for 
time period 1 is zero. Subsequent values entered as 2S, are calculated after the remaining 
values for the preceding time period are filled in. This is explained below. 

4. Enter in Row (4) the sum of Rows (I), (2), and (3), for the appropriate time period. in this 
case, the sum for time period 1 is 2.34 

5. O,, outflow initially for the time period, is entered in Row (5). For time period 1, 0, Is zero in 
this case. Subsequent values are read from the routing curve after Row (6) has been 
calculated. This is explained below. 

6. From the routing equation, the entry In Row (6), 0, + 2S,, is the difference between Row (4), 
I, + I, + 2S1, and Row (5), 0,. For time period 1, this value is 2.34. This is entered and the 
process repeated. 

7. The value of 0, for the next time period is read from the routlng curve (Figure 3.5.4C) for the 
previous vaiue of 0, + 2S,. In this case, a value of 1.50 is obtained for 0, for time period 2, 
correspondlng to (0, + 2S2 = 2.34). Therefore, 1.50 is entered in Row (5) for time period 2. 

8. The value of 2S, for the next time period is the difference between the previous vaiue of 
(0, + 2S2) and the corresponding value of 0, read from the routing curve as in Step 7, 
above. For this example, 

0, + 2S, = 2.34 (for tlme period 1) 

01 - - 1.50 (for time period 2) 

2S1 = (0, +2S2) - 0, = 0.84 (for tlme period 2) 

Therefore, enter 0.84 in Row (3) for time period 2. 

9. Find the sum of Rows (I), (2), and (3) and enter value in Row (4). 

10. Subtract vaiue in Row (5) from Row (4) and enter result in Row (6). 

11. Refer to routing curve for next value of O,, corresponding to result of Step 10. 

Continue this process until the outflow hydrograph, as represented by the tabulated values of O,, 
returns to zero. 

Row (7) of entries in the Table 3.5.48 (Stage at the beginning of each time period) is obtained by 
dividing each value of 2S1 by 2, and referring to the stage-storage curve, Figure 3.5.4B. For 
example, for time period 3, 2S1 equals 3.97 cfs-min, half of which is 1.98 cfs-min. Referring to stage- 
storage curve for storage of 1.98 cfs-min. (or 1.98 x 3600 = 7,128 cu. ft.), a stage of 1.6 feet Is 
obtained. Adding these stages to the elevation of the first contour (71) allows floodplain or 
maximum water surface (Row (8)) for each time period to be computed. 

Finally, plot the vaiues of 0, for each time period to plot the complete outflow hydrograph, as 
shown in Figure 3.5.4E. The volume which must be stored is represented by the dark shaded area, 
and may be obtained through graphical techniques. The volume may also be closely estimated from 
the largest tabulated value of 2S,, divided by 2, and converted to cubic feet. This will exactly 
colncide with the true peak if the two hydrographs cross exactly at the end of a time interval. 
However, this inaccuracy in volume would be very small, arid for practical purposes may be 
neglected. 
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FIGURE 3.5.4E SIMPLIFIED EXAMPLE OF INFLOW AND OUTFLOW, HYDROGRAPH - 
& INFLOW PEAK = 6.94cfs VOLUME = 100,000 cu ft 

TIME (hours) 

in summary, the characteristics of this sample retention/detention facility and the selected eight-inch 
orifice outlet are such that the peak runoff rate will be reduced below the required 4.0 cfs. 
Furthermore, the full five feet of available storage is not used and the maximum floodplain elevation 
generated in the pond Is 75.12 feet. This indicates that additional trials or'iterations could be 
performed to optimize the size and outlet control of this sample retention/detention pond. 

Sizing a Peak Rate ~u 'no f f  Control Facility for Multiple Design Storm Events 

To design a storage facility to meet King County's performance requirements of 2, 10, and 100-year storm 
control, it is usually necessary to perform many iterative routings to arrive at a minimum facility slze with 
the proper outiet (orifice) control. Each iterative routing requires that the facility size (stage-storage curve) 
and/or outlet configuration (stage-discharge curve) be adjusted and tested for performance. Such 
iteration can be cumbersome, even with the use of a computer. To mlnimize the number of Iterations, a 
graphical evaluation of the developed inflow hydrographs is useful in approximating the storage volume 
and outlet configuration of a hypothetical detention pond that meets the performance requirements, prlor 
to beginning the iteratlon process to finalize the design of a detention facility. 

The following example presents a graphical approach to approximating storage volume and outlet 
configuration. . . " i  

(1) Assume the following performance requirements (allowable release rates) and developed peak inflow 
rates have been noted fiom hydrographs generated for the purposes of sizing a standard on-site 
detention pond: 

Pesian Storm , . Allowable Release Peveio~ed inflow8 
!, 

P,Q,,, = 0.23 cfs 
P,,Q,,, = 1.40 cfs' 
P,,Q,e, = 3.47 cfs 

P,Qd, = 1.65 cfs 
P,,,Q,, = 3.46 cfs 
Pl,Qd, = 5.89 cfs 

Note: This ehmple illustrates detaining the peak flows for the 2, 10 and 100 year, 24-hour duration 
design storms. The Standard Peak Rate Runoff Control Performance curve requires determining 
peak flows for the 2-, and 10-year 24-hour duration design storm, adding 30% additional volume, 
wittiout increasing design head or orifice sizes, and then routing the 100-year developed fiows 
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through the facility to evaluate .performance. The required performance for the 100 year design 
storm may, therefore, In some cases be more than the predeveloped flow rate depending on 
downstream conditions. 

(2) Plots of the developed Inflow hydrographs are used to graphically approximate the detention storage 
required to achieve the performance. 

ji A S , = 19.990 cu ft (shaded area) 1 .'. 

24'hrs F; oQde; 3.46 cfs 

1 ..... < ...... AS,, = 20,150 cu ft (total shaded area) I 

I - I 

23,955 cu ft (total shaded area) 

P2Qre, = 0.23 cfs 

I 
24 hrs 

+T 

(3) Starting with the 2-year hydrograph, the 2-year allowable release rate (P,Q,e,) (which must not be 
exceeded) is plotted as a horizontal line extending from time zero to the point where it Intercepts the 
falling limb of the hydrograph. A line is drawn from the beginnlng of the lnflow hydrograph to this 
polnt. This line approxlmates the outflow rating curve of a control structure of a hypothetical 
detention facility which would restrict outflow to not exceed P,Qe, and thus approxlmates the rising 
limb of a hypothetical outflow hydrograph. 

(4) As In standard Inflow-outflow hydrograph analysis, the area under the inflow hydrograph, less the 
area under the rising limb of the hypothetical outflow hydrograph, graphlcally approximates the 
amount of lnflow which must be stored, detained and released once the inflow hydrograph falls 



below the allowable release rate. .This volume of storage for the 2-year storm (as shaded) is 
termed S2 and can thus be approximated by measuring the area with a planimeter. In this 
example, the vertical scale is 1 " = 0.936 cfs and the horizontal scale is: 1" = 5.65. hours, 
then for a planimetered area measurement of 1.05 sq. in.: S, = (1.05 i11.~)(0.936 cfs/in.)(5.65 
hrs./in.)(3600 sec.Jhr.1 = 1 9.990 cu. ft. 

(5) The 1.0- and 100-year developed inflow hydrographs must now each be examined to determine 
which will require the most storage volume in addition to the 19,900 cu, ft. approximated for 
the 2-year storm. Note, the amount of storage volume needed to control the 10-year storm may 
exceed that of the 100-year when using this method. This occurs because the peak flows for 
the 10- and 100-year inflow hydrographs are similar in magnitude, and the difference between 
10-year allowable release and developed peak rates can be substantially greater than for the 
100-year. The interception point with the PloO,,, thus occurs further down the falling limb than 
for the 100-year, resulting in a larger storage volume required. 

The 10- or 100-year allowable release rate (PloQ,,, or Plo0O,,,) (which must not be exceeded) is 
plotted as a horizontal line extending from time zero to the point where it intercepts the falling ,, 
limb of the corresponding hydrograph. By trial and error, the time (T,-year) at which the S, , .. 

volume occurs, while maintaining P20,,,, is determined by planimeter. From this point, a line is 
drawn to connect to the PloO,,, or PlooO,,, point on the falling limb. The area from time T2-year 
under the inflow hydrograph to this point, less the area under the rising limb of the hypothetical 
outflow hydrograph (shown as the slender shaded triangle(s)),, represents the additional storage 
volume needed to meet the required performance. The total storage volume S,, or Sloo can tH'6n 
be computed by adding the additional storage volume to S2. 

(6) From the storage volumes computed a,bove, choose the largest of the three volumes for the. if'!.. 
initial pond sizing. In this case the 100-\$ear volume,. Sloe, is the largest. Therefore, call it.S$ 

S, = 23,955 cu. ft. -. ,,. 
',% : 

(7) Estimate the bottom area, A,, of the pond assuming 3:1 side slopes and a design depth, H,,"of 4 
feet. The following equation may be used: I '  

= 4154 sq. ft. 1 I 

7 t 

(8) Compute the stage-storage curve using an approximate equation for square ponds with 3:1 sidd. 
slopes or other equations or actual facility stage - storage: 

Stage, H 
0.0 
0.5 
1 .o 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 

Storage, S(H1 
0.0 : 

2,176 . 
' - 4,559 

7,162 
9,999 .. 

13,083 
16,428 
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(9) From the stage-storage curve, determine the depth, Hz, required for 
the 2-year storage volume. 

For S2 = 19,990 cu. ft; Hz = 3.49' 

Seecial Now: It has been found through experience that usually 
only 2 orifices are necessary to  meet King County's performance 
requirements. The bottom orifice is therefore sized to  meet the 2- 
year performance requirement, while the top orifice is located above 
the 2-year water surface and is sized and situated such that both 
the 10-year and 100-year performance requirements are met. This 
is further illustrated as the example continues. 

(10) Size the bottom orifice for the 2-year allowable release, P2Qr,, = 
0.23 cfs, using the following derivation of the orifice equation: 

Q = c~G Standard orifice equation 

where: C = entrance loss coefficient = 0.62 (typ.) 
a = area of orifice = nd2/4 
d = diameter of orifice 
g = acceleration of gravity = 32.2 ftls2 
H = head on orifice 

For 2-year allowable release: 

P20,,, = 0.23 cfs; Hz = 3.49 ft. 

rearranging to  solve for a: 

substituting for diameter: 

db = 0.18 ft. = 2.13 in. 

Note: Stage heights, ' 

H, should be adjusted 
so that they measure 
from the outlet invert 
rather than the pond 
bottom. In this 
example, the outlet 
invert is assumed to 
be a t  the same 
elevation as the pond 
bottom. 



(1 1) sketch and consider the following flow control restrictor schematic: 

Nole: . Not necessarily T ~ l f j ' i i " ' " ~ '  of coincMenle1 rlser, In fad, wlh may lop 

d, = 12.96 in be slighlly above and 
sllll meel pefformance. 

H , , - 4 f i - 4 + 4  
H .  H,, = 3.58 fi . " , - m A T  

(12) Size and situate thetop orHlce at or abo\ie the 2-year water surface ( ~ ~ " 2 - ~ e a r ) .  This may require 
some trial and error.' The release rate for this orifice Is: 

. Q, = , Q,,,,, - Qb, where Q, = (dtl36.876) H,"~ 

Qb = ((2.1 3)2/36.876)(4)1'2 = 0.25 cfs . . 

'Qt = 3.47 cfs - 0.25 C ~ S  = 3.22 C ~ S  

Q t ~ t ~ ~  = . Qb + Qt  = [Total flow at maximum head] 

The size of this orifice will depend on its vertical locatlon as specified by its head, h,. h, in 
this example must be less than 0.51 feet so that the top orifice Is above the 2-year water 
surface. Therefore, try h, = 0.5': . 

Top Orifice Diameter, d, I 

- - 12.96" 

(13) Check for 10-year volume by: 

a) Computing h,, (See diagram above) 

= 0.09' 
. ,  . 

b) Computing Hlo = 3.49' t 0.09' = 3.58' 



K I N G  C O U N T Y ,  W A S H I N G T O N ,  S U R F A C E  W A T E R  D E S I G N  M A N U A L  

C) Check stage-storage curve to see if there is sufficient volume at H,, = 3.58': 

For H = 3.58': S(HI = 20,730 cu. ft. 

Recalling S,, = 20,150 cu. ft. 

20,730 cu. ft. > 20.150 cu. ft. &y 

Note: Since the top-orifice size of 12.96" is too large to feasibly install in the upper 0.5 
feet of the riser pipe, a notch weir must be substituted per details and equations given in 
Section 4.4.7 Control Structures. Also, the 100 year water surface in this example is 
shown at the same elevation as the top of the riser. This will not necessarily be the case. 
In fact, it may be slightly above the riser and still meet performance. 

The stagelstorageldischarge information for a hypothetical detention facility developed above can 
then be used as a guide to design the actual detention facility. The design is checked using the 
"level pool routing" technique described at the beginning of this section. The 
stagelstorageldischarge data from the actual facility design is used with each of the developed 
inflow hydrographs routed through the facility in order to demonstrate that the required performance 
is met. (Note, the 30% factor of safety then is applied to the hypothetical facility stage-storage 
data, the actual pond design developed, and then the 100-year developed hydrograph is checked. 

This is the point in the process where a number of iterations may be required in order to calibrate 
and optimize the actual facility design to meet performance with the minimal amount of storage 
volume. With experience, techniques and methods can be developed that can assist the design 
engineer in this process. The SWM Division has developed the RDFAC computer program, provided 
with this Manual, that performs this trial design of ponds, tanks, or vaults as runoff control facilities. 

i 3.5.5 HYDROGRAPH SUMMATION AND PHASING 

One of the key advantages of hydrograph analysis is the ability to accurately describe the 
cumulative effect of runoff from several basins andlor subbasins having different runoff 
characteristics and travel times. This cumulative effect is best characterized by a single hydrograph 

I 
which is obtained by summing the individual hydrographs from tributary basins at a particular 
"discharge point of interest." The general procedure for performing a hydrograph summation is 
described below: 

Hydrograph Summation 

(1 1 Select the "discharge point of interest" at which the hydrographs will be summed. 

(2) Estimate the time required for each hydrograph to travel from its point discharge to the 
"discharge point of interest." This travel time can be estimated using the methods presented in 
Section 3.5.2, under "Travel Time and Time of Concentration." 

(3) Shift each hydrograph according to its travel time to the "discharge point of interest" as shown 
below: 



(4) Sum the shifted hydrographs by adding the ordinate flow values at each time interval as shown 
below: 

SUM OF HYDROGRAPHS "A" & "8" 

HYDROGRAPH "B"' 

. . -, 

Note: a t  has been previously defined as 10 minutes or less for a 24-hour duration storm and 60 
minutes for a 7day duration storm. 

Hydrograph Phasing Analysis 

The ability to characterize cumulathre effects through the summation of hydrographs provides a valuable 
tool for analyzing the inte'raction of ,on-site and off-site hydrographs both before and after development. 
This interaction of hydrographs is generauy referred to as."hydrograph phasing" due to the similarity with 
compound wave-shapes. This hydrograph phaslng analysis is required in order to determine the effects of 
the compound hydrograph shape on the downstream system. (See Chapter 1, Sectlon 11.2.2, 'Core 
Requlrement #2: Off-Site Analysis"). , 

The general procedure for performing a 'hydrograph phasing analysis is as follows: 

(1) Select the "discharge point of interest" at which'the on-she and off-site runoff hydrographs will be 
summed and compute travel times as explained under 'Hydrograph Summation." 

(2) Compute the predeveloped on-site hydrograph and the existing off-site hydrograph for the deslgn 
storm of interest. Shift and sum these hydrographs as explained under "Hydrbgraph~Summation.' 

(3) compute the postdeveloped on-site hydrograph. If on-she detention is provided, this hydrograph 
will be the outflow hydrograph from the facility. Shift and sum'thls hydrograph with the existing off- 
site hydrograph. 
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Plot the above two summations as shown below to obtain a comparlson of cumulative 
I 

t 

effects: 

The above example plot illustrates how a,development with standard on-site detention can cause an 
increase in peak flow at some point downstream. The SWM Division may require thls condition be 
addressed by either upgrading the downstream system, or by reduclng the release rate from the 
detention facility such that the cumulative effect downstream is negligible as shown in the plot 
below: 

i 

SUMMATION OF HYDR0GRAPHS"A" & "C" 

SUMMATlON OF HYDROGRAPHS " 8  81 "C" 
(POST DEVELOPED CONDITION) 

3 
S ..-• 
LL 

PRE DEVELOPED ONSITE 
HYDROGRAPH "A* . . . . . . . . . , - . 

TIME 
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3.5.6 COMPUTER APPLICATIONS 

SBUH Method and Level Pool Routing 

The computations required to generate the runoff hydrographs and performthe levei pool routin0 
techniques presented in this chapter can be performed manually. However, due to their volume and 
repetitive nature, a pr,ogrammable calculator and/or a personal computer will perform these . 

computations much quicker and with a likely higher degree of accuracy., Because of the familiarity 
nearly all practicing engineers have with either a programmable calculator (such as .the Hewlett 
Packard 41 Series) or a personal computer running either a computer language (such as BASIC, 
FORTRAN or PASCAL) or a spreadsheet application (such as LOTUS1 23, SUPERCALC, EXCEL or 
MULTIPLAN), the SWM Division'encourages engineers to write their own routines to perform the 
hydrograph analysis. This serves three purposes: (1) it requires the engineer to fully understand the 
mechanics of the methods, (2) it provides an.opportunity to become more familiar with the 
computer and software, and (3) it will provide the engineer with the background to write additional 
specialized programs such as for coinplex hydraulic routing useful in design. Table 3.5.6A has been 
provided to assist engineers and software developers in checking the programs they write. + ;! 

. ., 

SWM Division Computer Models 

The SWM Division has made available programs ("HYD", RDFAC and "BW") and application 
templates developed in-house. These are included with this Manual with documentation provicjed on 
the disk, but with no formal support. Software developers have developed programs that they 
market and support. The SWM Division will review these programs as they are developed and 

: f proposed for use to perform the computations in this Chapter. 

Other SCS Method Event Computer Models . Y 

Since the SWM Division has selected the SBUH Method as the "yard stick" method for generating 
runoff hydrographs, it is essential that any other computer model proposed for use in King County 
also be based on the SCS methods arid be demonstrated to produce hydrographs which have a 
similar peak, duration, total volume and approximate shape as the SBUH Method. To assist I ; (  

engineers or software developers seeking SWM Division approval'of a.proposed model, the following 
series of "sample" sites (Table 3.5.6A) has been included to demonstrate consistency with SBUH.8; 

:r q 

Continuous Simulation Computer Models 

The SWM Division will review these models and any developed programs as they are developed and 
proposed for use to perform the analyses required in this Chapter; 

, 
TABLE 3.5.6A SAMPLED SBUH HYDROGRAPH COMPUTATIONS 

24-Hour 
Precip. 
(Inches) 

3.72 . 
3.72 
3.72 
3.72 
3.72 
3.72. 
3.72 
3.72 
3.72 
3.72 
3.72 

Pervious 
Area 

(acres) 
0.25 
0.01 
0.70 
0.70 
1 .o 
6.2 , 

6.2 
15.5 
25.0 
62.0 

Pervious 
Area 
CN 
7 7 
74 
74 
39 

, ' 61 
74 ' 

5 5 
59 
70 
74 
7 2 
2 5 
70 , . 
55 
70 
55 

lmpervious 
Area 

(acres) 
0 
0.24 
0.30 
0.30 
0 
,3.8 
3.8 
9.5 
0 

3.8.0 
40.0 

lmpervious 
Area 
CN 

0 
98 
98 . 
98 
0 

98 . 
98 . 
98 
0 

98 
98 
0 
0 
0 .  
0 
0 

Tc 
(minutes) 

25 
1 

14 
14 
10. 
5 

10 
15 
90 
15 
30 

Peak Flow 
(CFS) 
.0.07 
0.28 
0.43 
0.25 
0.05 
5.54 
3.31 
7.67 
1.99 

46.50 
51.70 
0.00 
0.39 

'0.13 
0.14 
0.01 
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3.6 CLOSED DEPRESSION ANALYSIS 

The analysis of closed depressions (and in some cases, retention ponds) requires careful 
assessment of the existing hydrologic performance in order to evaluate the impacts a proposed 
project will have. For closed depressions, the applicable requirements in Special Requirement #7, 
Closed Depressions, Chapter 1, and the Sensitive Areas Ordinance and Rules should be thoroughly 
reviewed prior to proceeding with the analysis. 

Analysls and Design Crlterla 

The infiltration rates used in the analysis of clased depressions shall be determined by a soils report 
meeting the criteria described in Section 4.5.2. At least 2 tests per acre and a minimum of 4 
infiltration tests shall be performed to prepare an average surface infiltration rate based on the 
following criteria: 

(1) For closed depressions containing standing water, infiltration tests shall be performed on dry 
land adjacent to, and-on opposite sides of the standing water (as is feasible), such that the 
elevation of the testing surface at the bottom of the test pit is one foot above the standing 
water elevation. 

(2) For closed depressions without standing water, infiltration tests shall be performed in the 
bottom of the closed depression at locations of similar elevation, and on opposite sides of the 
bottom area (as is feasible), such that the elevation of the testing surface at the bottom of the 
test pits is at least one foot above any observed groundwater table. 

Projects proposing to modify or compensate for replacement storage in a closed depression shall 
meet the design criteria in Section 4.4.4 "Ponds." 

Method of ~nalysls 

Closed depressions are analyzed using hydrographs routed as described in Section 3.5.4 
"Hydrograph Routing." Infiltration shall be addressed where appropriate. In assessing the impacts 
of a proposed project on the performance of a closed depression there are three cases that dictate 
different applications of the performance standard as follows: 

(1) CASE 1: 
The 100-year, 7-day duration design storm flow from the drainage basin tributary to the 
closed depression for the existing conditions is routed into the closed depression using 
only infiltration as outflow. If runoff does not overflow the closed depression, then no 
runoff may leave the closed depression for the 1 00-year, 7-day duration design storm 
following development of a proposed project. This may be accomplished by excavating 
additional storage volume in the closed depression (subject to all applicable requirements, 
for example providing a defined overflow system). 

(2) CASE 2: 
The 1 00-year, 7-day duration design storm flow from the drainage basin tributary to the 
closed depression for the existing conditions is routed into the closed depression using 
only infiltration as outflow. If runoff does overflow the closed depression, then the 100- 
year, 24-hour duration design storm flow from the drainage basin tributary to the closed 
depression is routed into the closed depression using only infiltration as outflow. If this 
does not cause overflow, then the allowable release rate is that which occurred for the 
1 00-year, 7-day duration design storm. This performance can be met by excavating 
additional storage volume in the closed depression (subject to all applicable requirements, 
for example providing a defined overflow system). 
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(3) CASE 3: 
The 1 00-year, 7-day duration design storm flow and the 1 00-year, 24hour duration 
design storm flow from the drainage basin tributary to the closed depression for the 
existing conditions are routed into the closed depression using only infiltration as outflow, 
and both cause overflow to occur. Then the closed depression shall be analyzed as a 
detentiontinfiltration pond. The required performance, therefore, is to not exceed the 
existing runoff rates for the 2, 10, and 1 00-year, 24-hour duration and 1 00-year, 7-day 
duration design storms. This will require that a control structure, emergency overflow 
spillway, access road, and other design criteria described in Section 4.4.4 "Pondsm be 
met and, if it is to be maintained by King County, the closed depression placed in a tract 
dedicated to King County. If it is to be privately maintained, it must be located in a 
drainage easement dedicated to the public. 
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CHAPTER 4 
HYDRAULIC ANALYSIS AND DESIGN 
4.1 PURPOSE AND SCOPE 

This chapter presents King County approved methods for the hydraulic analysis and deslgn of drainage 
facilities. Before proceeding with the hydraulic analysis, drainage plan and deslgn, the design engineer 
should thoroughly review the requirements in Chapter 1 for their appllcation to a proposed project. 

The information presented in this chapter begins with a brief description of General Desian Criteria, 
applicable to the overall hydraulic analysis, and is then separated into four main sections: 

< 

o Conveyance Systems 
o Retention/Detention Facilities 
o Infiltration Systems 
o Water Quality Facilities 

Each of these sections contain the methods of analysis, design criteria, and standard details for the 
particular facility type. They are organized with similar formats to provide consistency and quick reference 
to information. They may Include: 

o An Overview of topic and purpose. .- 

o , Desian Guideline~ and criteria for system design and alternative system aGlications. 
o Site Constraints such as easement requirements, building setbacks, etc. 
o Subsections with most containing the following information: - An introduction to the topic. 

- Specific Desian Criteria such as acceptable materials, maximum slopes, geometrics, etc. - Methods of Analvsis for hydraulic system design including standard charts, nomographs, 
tables, etc. and reference to applicable material. 
Standard Details acceptable to the County are provided or referenced in other publications. 

4.2 GENERAL DESIGN CRITERIA 

This manual and the King County Road Standards provide established standards for engineering design, 
suitability of purpose and method of analysis. The Washington State Department of Transportation/APWA 
(WSDOT/APWA) Standard Specifications for Road, Bridge and Municipal Construction, most recent 
edition, also provides approved specifications and standards for design and construction. For projects 
constructed by the King County Department of Public Works, the Engineering Services Section of the 
Roads Division prepares and updates a supplement to the State standards titled the "King County General 
Special Provisions". 

4.3 CONVEYANCE SYSTEM DESIGN AND ANALYSIS 

4.3.1 OVERVIEW 

A conveyance system includes all portions of the surface water system, either natural or man-made, that 
transport storm and surface water runoff. The purpose of the conveyance system is to drain surface water 
from properties, up to a specific design flow, so as to provide protection to property and the environment. 

A properly designed pipe,system will maximize hydraulic efficiency by utilizing proper material, slope and 
pipe size. An ideal channel section will be sized to provide adequate capacity for design flows while 
minimizing erosion and allowing for aesthetics, habitat preservation and enhancement. 
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A human-made, conveyance system should emulate the natural conveyance system to the extent 
feasible. Inflow to the system and discharge from the system should occur at the natural drainage 
points as determined by topography and existing drainage patterns. 

Conveyance systems can be separated into the following five categories: 

o Pipe systems 
o Culverts and bridges 
o Outfalls 
o Open channels and constructed swales 
o Floodplains/floodways 

4.3.2 ANALYSIS AND ROUTE DESIGN REQUIREMENTS 

Analysis 

o All existing and proposed conveyance systems shall be analyzed and designed using the peak,, 
flows from the hydrographs developed.using the procedures described in Chapter 3. 

Exception: For drainage subbasins 25 acres or less, and having a time of concentration 
of less than 100 minutes, the capacity of conveyance elements shall be determined using 
the Rational Method described in Section 4.3.3. Refer to Figure 3.2A to determine 
appropriate computation method and limits of application according to basin size. 

Route Design 

o The most efficient route selected for new conveyance systems will.result from careful 
consideration of the topography of the area to.be traversed, and the legal property boundaries. 

o Unless topography prohibits, new conveyance system alignments on private property must be 
located in'drainage easements that are adjacent and parallel to property lines. Drainage 
easements should be located entirely on one property and not split between adjacent 
properties. 

Exception: Streams and natural drainage channels will not be relocated strictly to meet 
this requirement. . , ,  

o Aesthetic considerations and traffic routes may dictate the placement and alignment of open '. 
channels'.. Appropriate vehicular and pedestrian traffic crossings must, be provided in the 
design. . 

' 7 

Easements and Building Setback Lines 

o All public and privately maintained conveyance systems shall be located in drainage.easements 
or covenants granted to King County as required in Section 1.2.4. 

Exception: Roof downspout, minor yard and footing drains, unless they convey off-site or 
between lot flows. 

o Any portion of the drainage easement for the conveyance system (shown in Table 4.3.2A) shall 
not be located within an adjacent property or right-of-way. Building setback lines may cross 
into adjacent property or rights-of-way.' Easements within road rights-of-way shall be per King 
County Road Standards. . . .  

o The distance between the center line' of storm drainage pipes or culverts and building or other , 

structure footings shall be no closer than the building setback line distance shown in Table 
4.3.2A, unless a geotechnical/structure: analysis isperformed to demonstrate design stability,, , 

and maintenance/replacement access remains unobstructed. 
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o The distance between the top-of-bank of a channel or constructed swale and a building or 
other structure footing shall be no closer than the building setback line distance shown in Table 
4.3.2A. 

o Table 4.3.2A lists the required widths and building setback lines for drainage easements. For 
all pipes or any channel or constructed swale greater than thirty feet wide, facilities must be 
placed in the center of the easement. For channels or constructed swales less than or equal to 
30 feet wide, the easement extends to only one side of the facility. 

TABLE 4.3.2A EASEMENT WIDTHS AND BUILDING SETBACK LINES 

For Pipes: BSBL 
Inside Diameter (D) Easement Width (From Easement) 

I D  s 18" 10 feet 5 feet 

18" < ID s 36" 12 feet 5 feet 

36" < ID s 60" 15 feet 7.5 feet . 

60" c ID ID plus 10 feet 10 feet 

For Channels and Swales: BSBL 
Top Width of Channel (W) Easement Width (From Easement) 

W s 10 feet W plus 10 feet on one side 5 feet 

10 feet < W s 30 feet W plus 15 feet on one side 7.5 feet 

30 feet < W W plus 15 feet on both sides 10 feet 

4.3.3 RATIONAL METHOD 

During the preparation of this manual, the need was acknowledged to continue to allow a simple 
method for analyzing and sizing conveyance elements for small drainage subbasins. Due to it's 
familiarity by the .civil engineering profession, and long history of use in King County, the decision 
was made to continue to allow the use of the Rational Method with some specific limitations. 

Limitations 

o Only for use in predicting a conservative peak flow rate to be used in determining the required 
capacity for conveyance elements. 

o Drainage subbasin area (A) cannot exceed 25 acres for a single calculation. 
o The time of concentration (T,) must be computed using the method described below and 

cannot exceed 100 minutes. It is made equal to 6.3 minutes when computed to be less than 
6.3 minutes (see Figure 4.3.3A). 

Equation 

The following is the traditional Rational Method equation: 

where: 

0, = peak flow (cfs) for a storm of pszk rainfall intensity "I," of a' given return 
frequency (R) 

C = estimated runoff coefficient (ratio of rainfall that becomes runoff) 
IR = peak rainfall intensity (inchesthour) for a given return frequency (R) 
A . = drainage subbasin area (acres) 
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"C" Values 

The allowable runoff coefficients to be used In this method are shown In Table 4.3.3A by type of land 
cover. These values were selected followlng a review of the values prevlously acceptable for use In the 
Rational Method In King County and as described In several engineering handbooks. The values for single 
family residential areas were computed as composite values (as Illustrated below) based on the estimated 
percentage of coverage by roads, roofs, yards and unimproved areas for each density. For dralnage 
basins containing several land cover types, the ~ l l ow ing  formula may be used to compute a composite 
runoff coefficient "C,". , . 

where: 

A, = total area (acres) 

= areas of land cover types (acres) 

Cl,2,n = runoff coefficients for each area land cover type 

I GENERAL LAND COVERS I 1 
I jAND COVER JAND COVER 

For land covers not ilsted above, an area-weighted "C x At" sum should be computed based on the following 
equation: C x A, = (C1xA1) + (C& + ... + (CnxAn), where A, = (A, + A, + ...+ A,), the total dralnage basin area. 

Dense forest 
Light forest 
Pasture 
Lawns 

(For use only in determining peak deslgn flow for analking and sting pipes, cuk t t s  or channels) - ' 1 ;  

0.10 
0.15 
0.20 
0.25 

Playgrounds 
Gravel areas 
Pavement and roofs 

a Open water (pond, 
lakes, wetlands) 

I 
I 

SINGLE FAMILY RESIDENTIAL AREAS . 
(Density is in dwelling units per gross acreage (DU/GA)) 

0.30 
0.80 
0.90 
1 .OO 
. . 

1 2.50 DU/GA I 0.39 I 6.00 DU/GA I 0.60 I 

LAND COVER 
DENSITY 

0.20DU/GA (1 unit per 5 ac.) 
0.40 DU/GA (1 unlt per 2.5 ac.) 
0.80 DU/GA (1 unit per 1.25 ac.) 
1 .OO DU/GA 
1.50 DU/GA 
2.00 DU/GA 

C - ,  

0.17: 
0.20 
0.27 
0.30 
0.33 
0.36 

LAND COVER 
, DENSITY 

3.00 DU/GA 
3.50 DU/GA 
4.00 .DU/GA 
4.50 DU/GA 
5.00 DU/GA 
5.50 DU/GA 

G ,  

0.42 
0.45 
0.48 
0.51 
0.54 " 

0.57 
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"I," Peak Rainfall Intensity 

The peak rainfall intensity (Id for the specified return frequency (A design storm is determined using a unit 
peak rainfall intensity factor (I,) for a given return frequency 6) design storm using the following equation: 

where: 

PR = is the total precipitation at the project site for the 24-hour duration design storm 
event for the given return frequency (from the isopluvial Maps in Figures 3.5.1C 
through 3.5.1 H) 

1, = (a~(r,)""' : the un l  peak rainfall Intensity factor 

Where 

T, = time of concentration (minutes), calculated using the method described below 
only (T, minimum value is 6.3 mlnutes) 

a, and b, are coefficients (from Table 4.3.38) used to adjust the equation for the design storm return 
frequency (,) 

This "1," equation was developed by SWM Division staff from equations originally developed by Ron Mayo, 
P.E.. It is based on the original Renton/Seattle Intensity/Duration/Frequency (I.D.F.) curves. Rather than 
requiring a family of curves for various locations in King County this equation adjusts proportionally the 
Renton/Seattie I.D.F. curve data by using the 24-hour duration total precipitation isopiuvial maps. This 
adjustment is based on the assumption that the localized geo-climatic conditions that control the total 
volume of precipitation at a specific location also control the peak intensities proportionally. 

Figure 4.3.3A has been included to demonstrate that this unit peak rainfall intensity (i,) will generate a 
curve with the same characteristics as the historic 25 year I.D.F. curve. Note, T, must not be less than 6.3 
minutes or greater than 100 minutes. On the historic I.D.F. curves the lower limit was set at 5 minutes, 6.3 
minutes was selected based.on the mathematical limits of the equation coefflclents. 

- - 
TABLE 4.3.38 COEFFICIENTSFOR THE RATIONAL METHOD "i," -EQUATION 

43 

0.58 
0.63 
0.64 
0.65 
0.65 
0.63 

DESIGN STORM RETURN FREQUENCY (YEARS) 

2 Year 
5 Year 
10 Year 
25 Year 
50 Year 

100 Year 

a, 

1.58 
2.33 
2.44 
2.66 
2.75 
2.61 
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- - 

FIGURE 4.3.3A RATIONAL METHOD UNIT PEAK RAINFALL INTENSITY (25 YEAR STORM) "i.." 

i, (incheslhour), 
For basins with T, longer than 100 minutes 
use the Hydrograph Analysis Method to obtain 4 
(See Section 3.5) 
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"T," Time of Concentration (Rational Method Only) 

The time of concentration is defined as the time it takes runoff to travel overland (from the onset of 
precipitation) from the most hydraulically distant location in the dralnage basln to the point of discharge. 
Note that when the C, of a dralnage basin exceeds 0.60, It may be important to compute the T, and peak 
rate of flow from the impervious area separately. The computed peak rate of flow for the Impervious 
surface alone may exceed that for the entire dralnage basin using the total dralnage basin T,. The higher 
of the two peak flow rates shall then be used to size the conveyance element. The T, Is computed by 
summation of the travel tlmes(s) (T,) of overland flow across separate flow path segments defined by the 
six categories of land cover from the chart published in 1975 by the Soil,Conservation Service shown in 
Table 4.3.3C. 

The equation for tlme of concentration Is: 

where: 

T1.2.n = consecutive flow path seqments of different land cover category or having 
significant difference. In flqw path slope 

Travel tlme for each segment Is computed using the following equation: 

I 
TABLE 4.3.3C k, VALUES FOR T, USING THE RATIONAL METHOD 

' 

T, = L/60V (minutes) 

(Note, the T, through an open water body (such as a pond) shall be assumed to be zero with this method.) 

Land Cover Cateaory 

Forest with heavy ground litter and meadow 
Fallow or minimum tillage cultivation 
Short grass pasture and lawns 
Nearly bare ground 
Grassed waterway 
Paved area (sheet flow) and shallow gutter flow - 

where: 

k~ 

2.5 
4.7 
7.0 

10.1 
15.0 
20.0 

L = the distance of flow across a given segment (feet) 

V = average veloclty across the land'cover (feetlsecond) 

Average velocity (V) is computed using the following equatlon (or- read from Figure 4.3.38): 

V = k, h, 

where: 

k, = time of concentration velocity factor (feetlsecond) (see Table 4.3.3C) 

So = slope of flow path (feetlfeet) 



PIGURE 4.3.3B AVERAGE VELOCITIES FOR ESTIMATING TRAVEL TIME FOR OVERLAND FLOW* 
*For use with the Rational Method only; From Soll Conservation Servlce, Tech. Release No. 55, January 1975 

0 0  0 0 * 

L o t  c? 
0 0  0 2 
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Example 

Compute the peak flow (Q,) to size a new roadway cross culvert for a 22.8 acre drainage basin east of 
Kent, P, = 3.42 inches. 
Given: AREAS 

A, = 10.5 acres of single family residential area at 3.8 DU/GA 
4 = 8.9 acres of light forest 
A, = 3.4 acres of pasture 
A, = 22.8 total acres 

DESCRIPTION OF FLOW PATH SEGMENTS FOR T, 
L, = 300 feet s, = 0.08 forest land cover k, = 2.5 
L, = 200 feet s, = 0.03 meadow k, = 2.5 
L, = 1000 feet s, = 0.015 grassedwatenvay(dRch) k,=15.0 

Compute: COMPOSITE RUNOFF COEFFICIENT "C," 
A,:C, From Table 4.3.3AI C for 4.00 DU/GA = 0.48, C for 3.50 DU/GA = 0.45, therefore C, for 

3.80 DU/GA by visual interpolation = 0.47. 
%:C2= 0.15 
A,:C,= 0.20 

PEAK RAINFALL INTENSITY "I,", "I,," 

Flrst, compute T,: 
T, = Ll/60Vl = Ll/60(kR h,) = ,(300)/60((2.5)~0.08~ 

= 7 minutes 

T2 = L2/60V2 = L2/60(kR fi2) = (200)/60((2.5)J(m)) 
= 8 minutes ' ' 

T3 = L3/60V3 = L3/60(kR fi,) = (1 000)/60((15) Jmfi 
= $3 minutes 

T, = T, + T2 + T3 = 7 + 8 + 9 = 24 minutes (~100 ,  OK to continue) 

Second, compute k: I,: 

Third, compute I,: I,: 

PEAK RUNOFF RATE 
Q, = C I, A = C, I, A = (0.30)(1.16)(22.8) = 7.9 cfa 

Pipe System Analysis and Sizing 

Figure 4.3.3C has been provided to allow for the tabular computation of "C-A" values used in sizing a new 
pipe system. Following computation of the time of concentration to the first structure, where flow enters 
the proposed pipe system, the travel times through the pipe lengths are added to become the T, for the 
design flow at the next downstream pipe run. The flows computed at structures (manholes and catch 
basins) may be used in Section 4.3.4 to estimate the water surface profile along the pipe system. 



FIGURE 4.33C RATIONAL METHOD FOR CONVEYANCE SYSTEM ANALYSIS AND SIZING 
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4.3.4 PIPE SYSTEMS 

Pipe systems are networks of storm drain pipes, catch basins, manholes, inlets and outfalls 
designed and constructed to convey surface water. The hydraulic analysis of flow in storm drain 
pipes typically is limited to "gravity flow"; however, in analyzing existing systems it may be 
necessary to address pressurized conditions. Pump systems (allowed only by variance, see Core 
Requirement #4 in Section 1.2.4) shall be designed using the hydraulic methods which apply to 
sanitary sewer pump systems. 

Design Criteria For Pipe Systems 

(1 1 Pipe material, joints and protective treatment shall be in accordance with WSDOTIAPWA 
Standard Specifications Section 9.05 as modified by the County General Special Provisions and 
AASHTO and ASTM treatment as noted below. 

NOTE: The pipe materials and specifications included in this section are for conveyance systems 
installed per engine'ering plans required for King County permits/approvals. Other pipe materials 
and specifications are not excluded for use by private property owners for drainage systems they 
construct and maintain when such systems are not required by or granted to King County. 

o Matecials allowed' for storm pipe systems: - Plain concrete (12" diameter only, and only as driveway culvert) - Ductile iron (water supply, Class 50 or 52) 
- Reinforced concrete pipe - Galvanized corrugated iron or steel pipe, Treatment 1 through 6. - Galvanized steel spiral rib pipe, Treatment 1 through 6. 
- Corrugated aluminum pipe 
- Aluminum spiral rib pipe 

. - Aluminized Type 2 corrugated steel (meets AASHTO treatment M274 and M56) - Corrugated high density polyethylene pipe (CPEP) - smooth interior (see note 1,) - Corrugated high density polyethylene pipe (CPEP) - single wall, fully corrugated (see 
note 2) - Polyvinyl chloride (PVC) sewer pipe (see note 3) - High density polyethylene pipe (HDPP) (see note 4) 

* Refer, to the King County Road Standards for pipe materials allowed for storm pipe in 
King County road right-of-way. 

NOTES: 
1. CPEP - Smooth interior pipe and fittinas shall be manufactured from hinh densitv 

polyethylene resin which shall meet o; exceed .the requirements of ~ y p e  11 1, 
. 

Category 4 or 5, Grade P33 or P34, Class C per ASTM D l  248. In addition, the 
pipe shall comply with all. material and stiffness requirements of AASHTO M294. 

2. CPEP - single wall, fully corrugated allowed only for use in temporary storm sewer 
systems, as downspout/footing/yard drain collectors on private property (smooth 
interior required in road right-of-way for drainage stub-outs or perforated as 
subgrade drain per KCRS). Pipe and fittings shall comply with all of the 
requirements of AASHTO M252 for 3" through 10" diameter and AASHTO M294 
for 12" through 24" diameter. 

3. PVC pipe must be SDR 35 or thicker and meet the requirements of ASTM D3034 
and is allowed only for use in privately maintained drainage systems or as allowed 
in road right-of-way per I<CRS. 

4. HDPP is normally used outside of Icing County rights-of-way such as on steep slope 
installations (see Section 4.3,6). Connections to King County road drainage 
systems are allowed for pipe diameters of 12" or greater. HDPP shall comply with 
the requirements of Type Ill C5P34 as tabulated in ASTM D l  248 and have the PPI 
recommended designation of PE3408 and have an ASTM D3350 cell classification 



of 345434C or 3455346. The pipe shall have a manufacturer's recommended 
hydrostatic design stress rating of 800 psi based on a material with a 1600 psi 
design basis determined in accordance with ASTM 02837-69. The pipe shall have 
a suggested design working pressure of 50 psi at 73.4 degrees F and SDR of 32.5. 

o Allowable Joints: - Concrete pipe shall be rubber gasketed. - Ductile pipe joints shall be flanged or restrained mechanical joints. - CMP shall be rubber gasketed and securely banded. - Spiral rib pipe shall be "hat-banded" with neoprene gaskets. - CPEP-smooth interior pipe shall be joined by split corrugated couplings, with gasket, 
which are at least 4 corrugations wide and exceed the soil tightness requirements 
of the AASHTO Standard Specifications for Highway Bridges, Section 23 (2.23.3). - CPEP-single wall, fully corrugated pipe shall be joined by split or snap-on couplings 
for 3" through 10" diameter pipe, and by split corrugated couplings with gasket for 
12" through 24" diameter pipe. Couplings for 12" through 24" diameter pipe shall 
be at least 7 corrugations wide and shall exceed the soil tightness requirements of 
the AASHTO Standard Specifications for Highway Bridges, Section 23 (2.23.3). - PVC pipe shall be installed following procedures outlined in ASTM D2321, joints 
shall conform to ASTM D3212, and gaskets shall conform to ASTM F477. - High density polyethylene shall be jointed by butt fusion methods or flanged per 
KCRS. 

(2) Pipe Sizes, Slopes and Velocities 

o Table 4.3.4A presents the pipe sizes and lengths along with the minimum slopes and 
velocities and design flow by structure. Table 4.3.48 presents the maximum pipe slopes 
and velocities, and requirements for anchoring pipe systems, by pipe material. (see Figure 
4.3.4J and 4.3.4K3 If site constraints result in velocities less than 3 fps at the design 
flow, impacts from sedimentation in the pipe system shall.be addressed for maintenance : 
considerations (e.g., larger pipes, closer spacing of catch basins). 

:! 
o For pipe systems to be maintained by King County, the design engineer shall .use the f ,  

following pipe sizes: 8" (only in special cases, see Table 4.3.4A1, 12", 18", 24", and : . 
30". For -pipes larger than 30" diameter, increasing increments of 6" intervals shall be ' ' 
used (36, 42, 48, etc ... 1. 

o Change of Pipe Size (does not apply to detention tanks): - Changes of pipe sizes (increase or decrease) is allowed only at junctions and 
structures must be located at all junctions. (Exceptions may be allowed per Section 

' 7.03D of the King County Road Standards.) - When corinecting pipes at structures match any of the following: (in descending 
order of "first choice" in best design priority) crowns,,-80% diameters or inverts of 
pipes (or use drop manholes per KCRS). - Downsizing for pipes largerthan 12 inches may be allowed provided pipe capacity 
is adequate for design flows. , - !,a 

. , 

o Table 4.3.4C presents the allowable structures and pipe sizes allowed by size of 
structure. 

o The methods described in Chapter 5, Sections 4 and 5, of the Washington State 
Department of Transportation (WSDOTI Hydraulics Manual can be'used in determining 
the capacity of inlet grates when capacity is of concern with the following exceptions: - Use design peak flows as required in Chapter 1, Section 1.2.4, of this manual. - Assume grate areas on slopes are 80% free of debris. "Vaned" grates, 95%. - Assume grate areas in sags or low spots are 50% free of debris. "Vaned" 

grates, 75% 'I, , 
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o Catch basin (or manhole) diameter shall be determined by pipe orientation at the junction 
structure. A plan view of the junction structure, drawn to scale', will be required when 
more than four pipes enter the structure on the same plane, or if angles of approach and 
clearance between pipes is of concern. The plan view (and sections if necessary) must 
ensure a minimum distance (of solid concrete wall) between pipe openings of 8" for 48" 
and 54" catch basin's and 12" for 72" and 96". 

Evaluation of the structural integrity'for H-20 loading may be required for multiple 
junction catch basins and other structures. 

o Catch basins shall be provided within 50 feet of the entrance to a pipe system to provide 
for silt and debris removal. 

o HDPP pipe systems longer than 100 feet must be secured at the upstream end and the 
downstream end placed in a 4' section of the next larger pipe size. This sliding sleeve 
connection allows for the high thermal expansion/contraction coefficient of this pipe 
material. 

o The maximum slope of the ground surface for a radius of 5' around a catch basin grate or 
solid lid shall be 3:1. 

TABLE 4.3.4A PIPE SIZES AND LENGTHS BETWEEN STRUCTURES 

Upstream Structure to 
Downstream Structure 

+ Inlet to CBIMH 
* Inlet to CB/MH 

* * CB to CB 

* * +  CBIMH to CBIMH 
- 

King County maintained roadways: on cross-street connections from single inlets to main storm 
drain, the pipe shall generally be 12-inch minimum diameter, and single inlets shall be catch basins 
with sumps. In special cases, such as shallow gradients or conflict with underground utilities, pipe 
may be minimum 8-inch diameter, and inlet may be simple inlet (KCRS Dwg. No. 40). 

8-inch-diameter pipe typically allowed only for privately maintained systems, except as noted (*). 

* * Maximum spacing of surface drainage courses between inlets or catch basins shall be 1 50 feet on 
grades less than 1 % and 200 feet on grades from 1 % to 3%. Otherwise, maximum spacing shall 
be 300 feet on grades over 3%, or as required by grate flow capacities. 

Pipe Diameter 
(Inches) 

12 

8 

8. 

12 or 
greater 

Minimum Slope (%) and Min. 
Velocity (fps) 

at Design Flow 

0.5%, 3.0 fps 

0.5%, 3.0 fps 

0.5%, 3.0 fps 

0.2%, 3.0 fps 

Maximum 
Length (ft) 

60 

40 

100 

300 
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TABLE 4.3.48' MAXIMUM PlPE SLOPES AND VELOCITIES 

Pipe Material 

CMP, 'Spiral Rib, 
'PVC, CPEP-singlewall 

'concrete or 'CPEP- 
smooth interior 

Ductile Iron 

High Density Polyethylene 
'HDPP 

I 

! 
r 

TABLE 4.34C ALLOWABLE STRUCTURES AND PlPE SIZES 

' Not allowed in landslide hazard areas. 
• . Butt-fused pipe joints required; Above-ground installation is required on slopes greater than '40%-.- 

to minimize disturbance to steep slopes. ' ' Maximum slope of 200% allowed for these pipe.materials with no joints (one section) with 
structures at each end and properlq grouted. 

, Pipe Slope Above Which pipe 
Anchors Required and, 

Minimum Anchor Spacing 

20% 
(1 anchor per 100 L.F. of 

pipe) 

10% 
(1 anchor per 50 L.F. of pipe) 

. . 

40 % 
(1 anchor per pipe section) 

50% 
(1 anchor per 100 L. F. of pipe 
- cross slope installations only) 

Max. Slope 
Allowed 

30%'" 

20%"' 

None 

None 

Catch Basin Type"' 

Inlet'*' 

Type 1 13' 

Type 1 Lt3' 

Type 2-48-inch dia. 

Type 2-54-inch dia. 

Type 2-72-inch dia. 

Type 2-96-inch dia. 

Max. Velocity 
@ Full Flow 

30 fps 

30 fps 

None 

None 
,>  : 

"' Catch basins, including manhole steps, ladder, and handholds shall 
conform to King County Road Standards. 

"' Generally these pipe materials will be one size larger than concrete 
due to smaller wall thickness. However, for angled connections or 
those with several pipes on the same plane, this will not apply. 

"' Maximum 5 vertical feet allowed between grate and invert 
elevation. 

14' Normally allowed only for use in privately maintained drainage 
systems and must discharge to a C.B. immediately downstream. 
(see Table 4.3.4A) 

Maximum Pipe Diameter 

'"CMP, Spiral 
Rib CPEP, 

HDPP, PVC 

12" 

18" 

24" 

30" 

36" 

54" 

72" 

Concrete and 
Ductile Iron 

12" 

12" 

18" 

24" 

30" 

48" 

, 72" 
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(4) Pipe Alignment/Connections/Cover 

o Pipes must be laid true to line and grade with no curves, bends or deflections in any 
direction [except for HDPP and Ductile Iron with flanged restrained mechanical joint bends 
(not greater than 30°) on steep slopes which can be demonstrated to drain along entire 
invert]: 

o A break in grade or alignment or changes in pipe material shall occur only at catch basins 
or manholes. 

o Connections to a pipe system shall be made only at catch basins or manholes. No wyes 
or tees are allowed except on roof/footing/yard drain systems on pipes 8" in diameter, or 
less, with clean-outs upstream of each wye or tee. Additional exceptions may be made 
per Section 7.030 of the King County Road Standards. 

o Provide 6 inches minimum vertical and 3 feet minimum horizontal clearance (outside 
surfaces) between storm drain pipes and other utility pipes and conduits. Clearances 
within King County rights-of-way shall be per the KCRS. For crossings of sanitary sewer 
lines the Washington Department of Ecology criteria will apply. For crossings of swale 
easements, provide 6 inches minimum vertical backfill between required pipe cover 
material and base of swale. 

o Pipe cover over storm pipes in King County road right-of-way shall be per the KCRS or as' 
, specified.in Tables 4.3.4D through 4.3.411, "Pipe Cover Specifications". Pipe cover is 

measured from the finished grade elevation down to the top of the outside surface of the 
pipe. Note that for pipes less than 12" diameter (when not listed in these tables), use the 
cover specifications for the 1 2". diameter pipes. Under drainage easements, collector 
roadways, driveways, parking stalls, ,or other areas subject to light vehicular loading, pipe 
cover may tie reduced to 1 ' minimum if recommended by pipe manufacturers. 

o PVC SDR 35 minimum cover shall be 3 feet; maximum cover shal be 30 feet. 

o Pipe cover in areas not subject to vehicular loads, such as landscape planters and yards, 
may be reduced to 1 ' minimum. 

(5) Debris Barriers 

Debris barriers (trash racks) are required on all pipes 18" to 36" in diameter entering a closed 
pipe system. See Figure 4.3.46 for required debris barrier on pipe ends outside of roadways. 
See Figure 4.3.4H and Section 4.3.5 for requirements on pipe ends (culverts) projecting from 
driveway or roadway side slopes. 

(6) Drainage Easements 

Drainage easements are required for maintenance and access over pipes located outside of the 
road right-of-way (see Section 1.2.41, except downspout roof drains, yard drains and footing 
drains. (See Section 4.3.2 for easement widths and building setbacks). 



K I N G  C O U N T Y ,  W A S H I N G T O N ,  S U R F A C E  W A T E R  D E S I G N  M A N U A L  

TABLE 4.3.4D FILL HEIGHTS - CONCRETE PIPE 

Maximum Cover (Feet) By Compactton Desinn 
Pipe 

' Diameter Plain ~ l a s s ' n  Class Ill . class I V  ' Class V 
(Inches) ' A C A C A C A C A C 

12 18 57 10 32 14 . 43 2 1 65 26 82 

108 , 12. 25 16 33 24 5 2 30 67 

Minimum Coverage 2 Feet 
Note: Design A and Design C refer to Figure'4.3.41 "Pipe Compaction Designs' and Backfill" 

TABLE 4.3.43 FILL HEIGHTS - CORRUGATED HIGH DENSITY POLYETHYLENE PIPE 

Pipe 
Diameter 
(Inches) 

Mqximum Fill Height (Cover) 
(Feet) 

Normal Fully projected 

30 (not yet approved) 

36 (not yet appr&ved) 

42 (not yet approved) , ' 

48 (not yet approved) 

Minimum Coverage 2 Feet 

CORRUGATED HIGH DENSITY POLYETHYLENE PIPE LCPEPI - SMOOTH INTERIOR 
(Fully corrugated - smooth Interior) 
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TABLE 4.3.4F FILL HEIGHTS - CORRUGATED STEEL PIPE 2 x 112" (Helical) 

Pipe Maximum Cover (Feet) 
Diameter .064" .079" .109" .138" .168" 
(Inches) (16 na) (I4 na) (12 xa) (10 na) (8 na) 
12 100 100 100 100 100 

IS 100 100 100 100 100 

24 98 100 100 100 100 

30 78 98 100 I00 I00 

36 65 8 1 100 I00 100 

42 56 70 98 100 ,100 

48 49 6 1 16 100 100 

54 54 76 98 100 

60 68 18 100 

66 80 98 

72 73 90 

78 80 

84 69 

Minimum Cover 2 Feet 

TABLE 4.3.4C FILL HEIGHTS - CORRUGATED STEEL PIPE 3" x 1" (Helical) 

Pipe Maximum Cover (Feet) 
Diameter .064" .079" .109" .138" .168" 
(Inches) (16 na) (I4 na) (12 na) (I0 na) (8 na) 
36 75 94 I00 100 100 

. 42 64 80 100 100 100 
48 56 70 99 100 100 

54 50 62 88 100 100 

60 45 56 79 100 100 

66 41 51 72 92 100 

72 37 47 66 . 84 100 

78 34 4 3 60 78 . 95 

84 32 40 56 72 89 
90 30 37 ' 52 67 83 

96 35 49 63 77 

102 33 46 59 73 

108 4 4 56 69 

114 41 53 65 

120 39 50 62 

Minimum Cover 2 ~ e e t  
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TABLE 4.3.48 FILL HEIGHTS - CORRUGATED STEEL PIPE 5" x In (Helical) 

P I  pe Maximum Cover (Feet) 
Diameter .064'' ,079" .109" ,138" .168" 
(Inches) (16 na) (14 na) (12 na) (10 na) (8 nal 

30 80 100 ' 100 100 . . 100 

50 
44 

40 

36 

33 

31 

28 

26 

FF* 

Mlnimuni Cover 2 Feet 
FF  indicates flexibility factor controls 

TABLE 4.3.41 FILL HEIGHTS - CORRUGATED STEEL PIPE 6" x 2" (Helical) 

~ a x i r n u m  Cover (Feet) 
Pipe Diam Min. Cover .109" .138" .168" .188" .218" ,249" .280tt 

(inches) (feet) (feet) (12 na) (10 na) (8 na) (7 na) (5 na) (3 na) (1 na) 
60 5 2 42 i 63. 83 92 100 100 100 
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- ~- 

TABLE 4.3.45 FILL HEIGHTS - CORRUGATED STEEL PIPE ARCH 2 m" x Y2" (Helical) 

Corner MaxImum Cover (Feet) 
Span x Rise Radius Thickness Min. Cover for Corner Pressure 

(in. x in.) (in.) (in.) Cane (feet) 2 tonslftz 3 tonslit2 
17 x 13 3 0.064 (16 gal 2 12 18 

(I6 gal 

(I6 gal 

(16 gal 

(16 gal 

(16 gal 

(14 gal 

(12 gal 

(12 gal 

(10 gal 

(8 gal 

(8 gal 

NS = Not Suitable 

TABLE 4.3.4K FILL HEIGHTS - CORRUGATED STEEL PIPE ARCH 3" x 1" (Helical) 
1. 

Corner Maximum Cover (Feet) 
Span x Rise Radius Thickness Min. Cover 2 Ton 3 Ton 

(in. x in.) (In.) (in.) Cane (feet) Soil (ft) Soil (it) 
40 x 31 5 0.064 (I6 gal 2.5 8 12 

46 x 36 6 0.064 (16 gal 2 8 13 

53x 41 7 0.064 (16 gal 2 8 13 

60 x 46 8 0.064 (16 gal 2 8 13 

66 x 51 9 0.064 (16ga) 2 9 13 

73 x 55 I2 0.064 (16 gal . 2  11 16 

81 x 59 14 0.064 (16'ga) 2 I I 17 

87 x 63 I4 0.064 (16ga) 2 10 16 

95 x 67 16 0.079 (14ga) 2 11 17 

103 x 71 16 0.109 (12 gal 2 10 I5 

112x75 18 0.109 (12ga) 2 10 16 

117 x 79 I8 0.109 (12 gal 2 10 I5 

128 x 83 18 0.138 (10ga) 2 9 14 
137 x 87 18 0.138 (1Oga) 2 8 13 

142 x 91 18 0.168 (8ga). 2 7 12 
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TABLE 4.3.4L FILL HEIGHTS - CORRUGATED STEEL STRUCTURAL PLATE PIPE ARCH 
314" BOLTS, 4 BOLTS PER FOOT ' 

2 Ton Soil 3 Ton Soil 
Corner' Mln. Max. Min. Max. 

Span x Rise Radius Thickness , Cover Cover 'Cover Cover ' 

( f t -  In x f t  - In) (in.) i n .  Cane (in.) (f t.1 (in.) . (ft.) 
6 - 1 x 4 - 7  18 0.109 (12 88) 24 16 ' 24 24 

7 - 0 x 5 - 1  18 0.109 (12 gal 24 14 24 21 
7 - . I1  x 5 - 7  18 0.109 (I2ga) 24 . 13 24 19 

1 5 - 4 x 9 - 3  18 0.138 (10 88) NS NS 24 10 
1 5 - 1 0 x 9 - 1 0  18 - 0.138 (10 gal . NS NS 24 9 ' 
1 6 - 7 x 1 0 - I  . 18 0.138 (10 gal NS M 24 9 
1 3 - 3 x 9 - 4  . 3 I 0.109 .(12ga) 24 13 24 17. 

1 4 - 2 x 9 - 1 0  31 0.109 (12ga) 24 I2 24 164 
1 5 - 4 x 1 0 - 4  31 0.138 (10 gal 24 11 24 15* 

16 - 3 x 10 - 10 31 0.138 (10 gal. 24 11 24 14' 
1 7 - 2 x 1 1 - 4  31 0.138 (1Oga) 30 10 30 13. 
1 8 - 1 x 1 1 - 1 0  3 1 0.168 (8 gal 30 10 30 12. 
1 9 - 3 x 1 2 - 4  31 0.168 (8 gal 30 9 30 13 

2 0 - 7 x 1 3 - 2  31 0.188 (6ga) 36 7 36 13 

Fill limited by seam, strength. 
NS = Not Suitable 

TABLE 4.3.4111 FILL HEIGHTS'- CORRUGATED ALUMINUM PIPE 2 x 112" (Helical) 

Pipe Maximum Cover (Feet) 
Diameter .0601' ,075" .105" .I 35" .164" 
(Inches) (I6 na) (14 na) (12 na) (10 na) (8 na) 

12 100 100 : 100 100 100 . 

40 51 7 1 92 100 

FF* 61 80 98 

5 4 50 65 80 
60 . . 53 66 

66 FF* 53 
72' 42 

Minimum Cover 2 Feet 
* FF Indicates flexibility factor controls 
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TABLE 4 . 3 . 4 ~  FILL HEIGHTS - CORRUGATED ALUMINUM PIPE 3" X 1" (HELICAL) 

Pipe Maximum Cover (Feet) 
Diameter .0601' .07Z .105" .I 35" .164" 
(Inches) (16 na) ( I 4  aa) (12 na) (10 na) (8 na) 

36 54 68 . 96 100 100 

Minimum Cover 2 Feet 

TABLE 4.3.40 FILL HEIGHTS - CORRUGATED ALUMINUM PIPE 6" x 1" (Helical) 

Pipe Maximum Cover (Feet) 
Diameter .060" .O7SM .105" .I 35" .164" 
(Inches) (16 na) (14 na) (12 na) (10 na) (8 na) 

30 . , 57 7 1 100 100 100 

Minimum Cover 2 Feet 
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TABLE 4.3.41, FILL HEIGHTS -CORRUGATED ALUMnrCTM STRUCTURAL PLATE PIPE 9" x 2 

GALVANIZED STEEL BOLTS 

Pipe Diameter . Cage Thickness 
(inched (feet) 0.0100" 0.123" 0.150" 0.175" 0.200" 0,225" 0.250" 

60 5 31 45 ' 60 70 81 92 100 

Mfnlmum Cover 2 Feet 

TABLE 4.3.44 FILL HEIGHTS - CORRUGATED ALUMINUM PIPE ARCH 2 "" x 112" (Helical) 

Corner ~ax imum Cover (Feet) 
Span x Rise Radius ' Thickness MIn. Cover 2 Ton 3 Ton 

(In. x in.) (in.) (In.) Garre (in.) Soil (It) Soil (it) 
17 x 13 3 0.060 (16 gal 24 12 18 
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TABLE 4.3.4R FILL HEIGHTS - CORRUGATED ALUMINUM STRUCTURAL PIPE ARCH 3" x 1" (Helical) 

Corner Maximum Cover (Feet) 
Span x Rise Radius Thickness Min. Cover 2 Ton 3 Ton 

(in. x in.) (in.) (in.) Gaae (in.) Soil (ft) Soil (ft) 
40 x 31 5 0.060 (16gal 30 8 12 

(16 gal 

(16 gal 

(16 gal 

(16 gal 

(I4 gal 

(I4 gal 

(12 gal 

(12 gal 

(10 gal 

(10 gal 

(8 gal 

TABLE 4.3.4s FILL HEIGHTS - CORRUGATED ALUMINUM STRUCTURAL PLATE PIPE ARCH 

9" x 2 In" 314" Steel Bolts, 5 l" Bolts Per Foot 

Maximum Cover (Feet) 
Corner Minimum Min. 2 Ton 3' Ton 

Span x Rise Radius Gage Cover Soil Soil 
( i t -  in x i t -  in) (in .) (in.) (in .) (f t) (f t )  

5 - 1 1 x 5 - 5  31.8 0.100 24 24' , 24L 

0.100 

0.100 

0.100 

0. LOO 

0.100 

0.100 

0.100 

0.100 

0.125 

0.150 

0.150 

0.150 

0.175 

0.175 

0.200 

0.200 

0.225 

0.255 

0.250 

l ~ o r  pipe-arch using steel or aluminum bolts, 314" dia., 5 113 bolts per foot. 
2Fill limited by seam strength. 
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TABLE 4.3.4T. ALL HEIGHTS - STEEL SPIRAL RIB PIPE 

Metal Thickness 
(Inches) 

Diameter 0.064 0.079 0.109 
(inches) (16 na) (14 na) (12 na) 

24 46 -- - - 

Minimum Cover 2 Feet 

Steel and Aluminized Steel Spiral Rib Pipe (0.75" x 0.95" ribs 11 314" o.c$ 
and Steel Narrow Pitch Splral Rib Pipe (0.373" x 0.937P dbr QA" o.c.) 

TABLE 4.3.4U ALL HEIGHTS - ALUMINUM SPIRAL RIB PIPE 

Metal Thickness 
(Inches) 

Diameter 0.060 0.075 0.105 
(inches) (16 gal (I4 gal (12 'gal, 

60 - - 
Minimum Cover 2 Feet 

Aluminum Alloy Spiral Rib Pipe (0.75" x 0.75" ribs 7.5" o.c.1 
and Aluminum Alloy Narrow Pitch Spiral Rib Pipe (0.375 x 0.4357 ribs 9.8" ox.) 



Methods of Analysis 

Two methods of hydraulic analysis using Manning's equation are used sequentially for the design 
and analysis of pipe systems. First, the Uniform Flow Analysis Method is used for the preliminary 
design of new pipe, systems. Second, the Backwater Analysis Method is used to analyze both 
proposed, and existing, pipe systems to verify adequate capacity. See Sizing in Core Requirement 
# 4, Section 1.2.4 for the sizing requirements of pipe systems. 

(1) Uniform Flow Analysis Method 
Used for the preliminary sizing of new pipe systems to convey the peak rate of runoff for the 
25 year, design storm event. 

Assumptions: 
o Flow is uniform in each pipe (ie., depth and velocity remain constant throughout the pipe 

for a given flow). 
o ' Friction head loss in the pipe barrel alone controls capacity. Other head.losses (ie, 

entrance, exit, junction, etc.) and any backwater effects or inlet control conditions, which 
may be present or anticipated in the system, are not specifically addressed. 

Each pipe within the system is sized and sloped such that it's barrel capacity at normal full flow 
(computed by Manning's Equation) is equal tg or greater than the 25 year design flow. The 
nomograph in Figure 4.3.4A can be used for an approximate solution of Manning's Equation. For 
more precise results, or for partial pipe full conditions, solve Manning's Equation directly: 

or, using the continuity equation, Q = AV. 

Where 0 =Discharge in cfs 
, V =Velocity in fps 

A =Area in ft2 
n =Manning's roughness coefficient in s-ftl" (see Table 4.3.4V) 
R =Hydraulic radius = arealwetted perimeter, in ft. 
S = Slope of the energy grade line in ftlft 

For pipes flowing partially full, the actual velocity, may be estimated from the hydraulic 
properties shown in Figure 4.3.4B by calculating .Of,,, and V,,, and using the ratio of Qdd,,,/Ofdl 
to find V and d (depth of flow). 

Table 4.3.4V provides the recommended Manning's "n" values for preliminary design using the 
Uniform Flow Analysis Method for pipe systems. (Note, the "n" valves for this Method are 
15% higher in order to account entrance, exit, junction and bend head losses.) . 
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(2) Backwater Analysis Method 
Used to analyze the capacity of,both proposed, and existing, pipe systems to convey the peak. 
rate of runoff for the 25, and 100-year besign storm events. (Note, structures for proposed 
pipe systems must be demonstrated to provide a minimum of 0.5 feet of freeboard.between 
the headwater surface (hydraulic grade line) and the top of the structure for the 25 year peak 
rate of runoff. Structures may overtop for the 100-year peak rate of runoff as allowed by Core 
Requirement #4 in Section 1.2.4. When overtopping occurs for the 100-year peak rate of 
runoff the additional flow over the ground surface is analyzed using the methoas described in . 
Section 4.3.7 and added to the, flow capacity of'the pipe system determined, as described 
below.) 

TABLE 4.3.4V MANNING'S "n" VALUES FOR PIPES 

This method is used to compute a simple backwater profile (hydraulic grade line) through a proposed, 
or existing, pipe system for the purposes of verifying adequate capacity. It incorporates a re-arranged 
form of Manning's Equation expressed in terms of friction slope lie, slope of the energy grade line in 
ftlft). The friction slope is used to determine the head loss in each pipe segment due to barrel 
friction, which can then be combined with other head losses to obtain water surface elevations at all 
structures along the pipe system. 

The backwater analysis begins at the downstream end of the pipe system and is computed back 
through each pipe segment and structure upstream. The friction, entrance and exit head losses 
computed for each pipe segment are added to that segment's tailwater elevation (the water surface" 
elevation at the pipe's outlet) to obtain its "outlet control" headwater elevation. This elevation is 
then compared with the "inlet control" headwater elevation, computed assuming the pipe's inlet 
alone is controlling capacity using the methods for inlet control presented in Section 4.3.5. The 
condition that creates the highest headwater elevation then determines the pipe's capacity. The ' 
approach velocity head is then subtracted from the controlling headwater elevation and the junction 
and bend head losses are then added to compute the total headwater elevation which is then used as 
the tailwater elevation for the upstream pipe segment. 

Type of pipe Material 

A. Concrete pipe and CPEP-smooth interior pipe 
B. Annular Corrugated Metal Pipe or Pipe Arch: 

' 1 .  2-213" x 112" corrugation (riveted) 
a. plain or fully coated 
b'. paved inven.(40% of circumference , paved): . 

(1) flow full depth 
(2) flow 0.8 depth 
(3) flow 0.6 depth 

c. treatment 5 
2. '3" x 1 " corrugation 
3. 6" x 2" corrugation (field bolted) ' 

C. Helical 2-213" x 112" corrugation and CPEP-single wall 
D. Spiral rib metal pipe and PVC pipe 
E. Ductile iron pipe cement lined 
F. High density polyethylene pipe (butt fused only) 

~na lys is  Method 

Uniform Backwater 
Flow Flow 

(Preliminary (Capacity 
design) Verification) 

0.014 0.01 2 

0.028 0.024 

0.021 ' 0.018 
0.01 8 0.01 6 
0.01 5 0.01 3 
0.01 5 0.01 3 
0.031 0.027 
0.035 0.030 
0.028 0.024 
0.01 3 0.01 1 
0,014 0.01 2. 
0.009 0,009 
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The Backwater Calculation Sheet in Figure 4.3.4C can be used to compile the head losses and 
headwater elevations for each pipe segment. The numbered columns on this sheet are described in 
Example 4.3.4A. An example calculation is performed in Example 4.3.4A Note, certain assumptions 
have been made to Note, certain assumptions have been made to simplify this analysis (as described 
in Figure 4.3.401, therefore, this method should not be used to compute stageldischarge curves for 
level pool routing purposes. Instead, a more sophisticated backwater analysis using the computer 
software provided with this Manual, is recommended. The BWPIPE computer program in particular 
can be used to quickly compute a family of backwater profiles for a given range of flows through a 
proposed or existing pipe system. A schematic description of the nomenclature used in this program 
is provided in Figure 4.3.5H Documentation providing instructions on the use of this and the other 
backwater programs are located on the "BW" disk in a README.DOC file. 

Details 

In addition to the details shown as Figure 4.3.46 through J, Standard Construction Details are 
available in the King County Road Standards. The following table references commonly used details 
from the 1993 Road Standards: 

K.C.R.S. 
Drawina Number Title - 

Field-Tapping of Concrete Pipe' 
Catch Basin Type I 
Catch Basin Type I-L 
Catch Basin Type 11-48", 54", 72", & 96" 
Catch Basin Details 
Manholes 
Manhole Details 
Curb Inlet 
Frames, Grates, and Covers 
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FIGURE 4.3.4A NOMOGRAPH FOR SIZING CIRCULAR DRAINS FLOWING FULL 

Minimum 
Allowable 
Velocity 

Full 1 

24" dia. CMP @ 2% slope yields 
l7cfs @ 5.2 FPS velocity 
(n'= 0.024) 

Values, per Manning's Equation 
Q b  ( 1.49) - ARahS? 

n 

This table can be converled 
to other "n" values by applying 
'formula: 
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FIGURE 4.3.48 CIRCULAR CHANNEL RATIOS 

~x~er iments have shown that n varies slightly with depth. 
This figure gives velocity and flow rate ratios for varying n (solid line) 
and constant n (broken line) assumptions. 

1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 a1 0 

RATIO OF FLOW DEPTH TO DIAMETER (d/D) 
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FIGURE 4.3.4C BACKWATER CALCULATION SHEET 
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FIGURE 4.3.4D BACKWATER CALCULATION SHEET NOTES 
Column (1) - Design flow to be conveyed by plpe segment. 
Column (2) - Length of plpe segment. 
Column (3) - Pipe Slze; lndlcate plpe dlameter or span x rlse. 
Cdumm (4) - Manning's 'n9 value. 
Column (5) - Outlet Elevatlon of plpe segment. 
Column (6) - lnlet Elevatlon of plpe segment. 
Column (7) - Barrel Area Is the full cross sectional erea of the plpe. 
Column (8) - Barrel Veloclty Is the full veloclty In the plpe as determlned by: 

Column (9) - Barrel Veloclty Head = v /2g or (Co1.(8))'/2g 
Where, g = 32.2 ft/secZ (acceleration due to gravlty) 

Cdumn (10) -  allw water Crw) Elevatlon; thls Is the water surface elevatlon at the outlet of the plpe segment. If 
the pipe's outlet Is not submerged by the TW and the TW depth Is less than (D+dJ/2, set the TW 
elevatlon equal to (D+d 312 to keep the analysis slmple and stnl obtain reasonable results (D = 
plpe barrel helght and do = crttlcal depth, both in ft. See Flgure 4.3.5Gfor deterrnlnatlon of dJ. 

Column (1 1) - Frlctlon Loss = S, x L or St x CoI.(2) 
Where, S, Is the frlctlon slope or head loss per llneal foot of pipe as determlned by ~annlng's 
Equation expressed In the form: 

S, 0 (n~)'/2.22 R ' . ~  

Column (12) - Hydraulic Grade Llne (HGL) Elevatlon Just inslde the entrance of the plpe barrel; thls Is detenlned 
by addlng the frictlon loss to the TW elevatlon: 

C01.(12) = C0l.(ll) + Cd.(lO) 

If thls elevatlon falls below the plpe's lnlet crown, It no longer represents the true HGL when 
computed In thls manner. The true HGL wlll fall somewhere between the plpe's crown and etther 
normal flow depth or crltlcal flow depth, which ever Is greater. To keep the analysls slmple and 
stlll obtaln reasonable results (le, errlng on the conservative side), set the HGL elevation equal to 
the crown elevatlon. 

Column (13) - Entrance Head Loss = K, x v2/2g or K, x Co1.(9) Where, K, = Entrance Loss Coefflclent (from 
Table 4.3.58) Thls Is the head lost due to flow contractlons at the plpe entrance. 

Column (14) - Exit Head Loss = 1.0 x v2/2g or 1.0 x Co1.(9). 
Thls Is the veloclty head lost or transferred downstream. 

Column (15) - Outlet Control Elevation = Co1.(12) + Co1.(13) + Co1.(14) 
Thls Is the maximum headwater elevatlon assumlng the plpe's barrel and Inlet/outlet 
characterlstlcs are controlling capaclty. It does not Include structure losses or approach veloclty 
considerations. 

Column (16) - lnlet Control Elevatlon (See Sectlon 4.3.5 for computatlon of lnlet control on culverts). Thls Is the 
maxlmum headwater elevatlon assuming the plpe's lnlet Is controlling capacity. It does not 
Include structure losses or approach veloclty conslderatlons. 

Column (17) - Approach Veloclty Head; thls Is the amount of headlenergy being supplled by the dlscharge from 
an upstream pipe or channel sectlon, which serves to reduce the headwater elevatlon. If the 
dlscharge Is from a plpe, the approach veloclty head Is equal to the barrel veloclty head computed 
for the upstream plpa. If the upstrearn plpe outlet Is slgnltlcantly hlgher In elevatlon (as In a drop 
manhole) or lower In elevatlon such that Its discharge energy would be dlsslpated, an approach 
veloclty head of zero should be assumed. 

Column (18) - Bend Head Loss = K, x v /2g or Kt, x Col.(17) 
Where. K, = Bend Loss Coefflclent (from Figure 4.3.4E) Thls Is the loss of head /energy 
requlred to change dlrectlon of flow In an access structure. 

Column (19) - Junctlon Head Loss; thls Is the loss in headlenergy whlch results from the turbulence created 
when two or more streams are merged Into one wlthln the access structure. Figure 4.3.4F can be 
used to detenlne thls loss or It can be computed uslng the following equatlons derlved from 
Flgure 4.3.4F: 

Junctlon Head Loss = v /2g or i( x ~ol . ( l7)  
Where, )<I Is the Junctlon oss Coefflclent determlned by: 

Column (20) - Headwater (HW) Elevatlon; thls Is determlned by comblnlng the energy heads In Columns 17, 18. 
and 19 wlth the hlghest control elevatlon In elther Wumn 15 or 16, as follows: 



FIGURE 4.3.4E. BEND HEAD LOSSES IN STRUCTURES 

20° 40' 60' 80' QOO 100° 
Deflection Angle Y , D'egrees 

'From "Modem Sewer Design', copyright 1980, American Iron and Steel Institute 

4.3.4-22 1/90 
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FIGURE 4.3.4F JUNCTION HEADLOSS IN STRUCTURES 

Source: Baltimore County Department of Public Works 



K I N G  C O U N T Y ,  W A S H I N G T O N ,  S U R F A C E  W A T E R  D E S I G N M A N U A L  

EXAMPLE 43AA BACKWATER PIPE CALCULATION 
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FIGURE 4.3.40 DEBRIS BARRIER 

d07e: 
/. ' 7hl> Debt-, j Barw~r 43 A* 4ra ~ u M e  r ~ a d w a ~ r  
on p~+es 36 " &a, a n d  s*.Q/~P. gee F;gure 4.9.4# 
b r  D F 6 4  ~ ~ w / e r s  DO p@er prrrjec/,hg f;om 
dr/ 'vewcy o r  ~ Q Q J W U ~  s,di r/pe 5. 

2. d// d e e / p a r k  m u f f  be pr/mni'd crnd 
~ , s p h ~ / f  m a w  .~'%%ohent f or  be-j,. 
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FIGURE 4.3.48 DEBRIS BARRIER 

Bars &/end' 
welded fc, 
Bar- Fnrme -, 
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FIGURE 4.3.41 PIPE COMPARISON DESIGNS (A and C) AND BACKFILL 

IMdotlons uhm speciflad 
rovel boc l f~ l l  for 

toundat~mr utm specified TYPICAL PIPE- ARCH INSTALLATION 

OESIGN A 
(For Melol and Concrate Plpel 

CLEARANCE BETWEEN PIPES 
MULTIPLE INSTALLATIONS 

I 1 I W D l S T  1 

Clml bochf~ll lor 

DESIGN C 
( F a  Concrele Pipe Wllh Circulo 

Relnforcemml Onlyl 

PIPE 

CIRUILAR APE 

Cou(& 'S~N~ wp 
IDIAMETER) 

CIRCUL W PIPE 
CONCRETE ONLY 

DLSlW C 
IUAMETERI 

LEGEND 
PlPE COMPACTION ZONE 

I Bochf~ll W b l  placed In 05' loar b y e s  
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2  mod B I* c c ~ k o n .  

p-1 3. Bow skor a b y  r im  rber a drlnqa cut 
t a r ,  co-iol pudity). 
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NOTES 
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FIGURE 4.3.45 PIPE ANCHOR DETAIL 



K I N G  C , O U N T Y ,  W A S H I N G T O N ,  S U R F A C E  W A T E R  D E S I G N  M A N U A L  

FIGURE 4 . 3 . 4 ~  CORRUGATED METAL PIPE COUPLING AND/OR GENERAL PIPE ANCHOR ASSEMBLY 

t It" I 

SMOOTH COUPLING BAND FOR $ M e  PIPE 

Uotar ldto b. ASTU A 56 - 
%" ~ b t a  Oohonlzad a t t a r  
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PLATE DETAIL 
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ANCHOR ASSEMBLY - CORRUGATED METAL PIPE 
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4.3.5 CULVERTS AND BRIDGES 

Culverts are relatively short segments of pipe of circular, elllptlcal, rectangular, or arch cross sectlon. They 
are usually placed under road embankments to convey surface water flow safely under the embankment. 
 hey may be used to convey flow from constructed or natural channels lncludlng streams. Bridges are 
structures constructed over an obstacle (such as a waterway) to allow the contlnuatlon of a thoroughfare 
(such as a road). They generally consist of foundation abutments and/or plers which support a deck 
spanning the obstacle. The Sensitive Areas Ordinance and Rules contain the definitions of streams and 
requirements for crossing of streams. In addition to those requirements and the design criteria described 
below, other agencies such as the Washington State Departments of Flsherles or Wlldlife may have 
additional requirements whlch wlll affect the deslgn of proposed culverts and bridges. 

Design Criterla for Culverts 

Headwater 

o For new culverts 18" dlameter, or less, the maxlmum allowable 25-year deslgn'storm event 
headwater elevatlon (measured from the lnlet Invert) shall not exceed 2 times the pipe dlameter/arch 
culvert rlse. . 

o For new culverts larger than 18" diameter the maximum allowable 25-year deslgn storm event 
headwater elevatlon (measured from the lnlet invert) shall not exceed 1.5 times the plpe 
dlameter/arch culvert rlse. 

o The maximum 25-year deslgn storm event headwater elevation for new culverts shall not be less 
than 0.5 feet lower than the road or park1ng:lot sub-grade. 

o For culverts 18" dlameter and larger, the embankment around the culvert lnlet shall be protected 
from eroslon by rock llnlng or rip rap specified In Table 4.3.6A, except the length and helght shall be 
as follows: - Length: extend upstream of culvert 5 feet mlnlmum - Height: at deslgn headwater elevatlon' 

o Trash Racks/Debrls Barriers are requlred on culverts that are over 60 feet In. length or-that are lnlets 
to plpe systems, and that are 1 8  to 36" In dlameter (see Figure 4.3.40 and 4.3.4H.) Exceptions are. 
culverts on Type 1 or 2 streams. 

o inlet structures, such as concrete headwalls, may provide a more economical design by allowing the 
use of smaller entrance coefficients, and hence smaller diameter culverts. When properly designed 
they wlll also protect the embankment from erosion and ellmlnate the need for rock Ilnlng. 

o In order to maintain the stability of roadway embankments, concrete headwalls, wingwalls or tapered 
Inlets and outlets may be requlred if right-of-way and/or easement constraints prohibit the culvert 
from extending to the toe of the embankment slopes. Normally concrete lnlet structures/headwalls' 
installed In or near roadway embankments must be flush with, .and conforming to the slope, of the 
embankment. 

Outlets 

o For culverts 18" diameter: and larger, the receiving channel of the outlet shall be protected from 
. eroslon by rock lining specified In Table 4.3.6A, except the helght shall be 1 foot above maxlmum 

tailwater elevatlon or 1 foot above the crown - whichever Is higher (See Figure 4.3.51). 

o Standard details for various culvert enddesigns such as wing-wails and tapered inlets may be found 
Iri the Washington State Department of Transportation Highway Hydraulic Manual. 
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Methods of Analysls For Culverts 

The theoretical analysis of culvert flow can be extremely compiex~because of the wide range of possible 
flow condltlons whlch can occur due to various combinations of lnlet and outlet submergence and Row 
regime within the cuivert barrel. An exact analysis usually Involves detailed backwater calculations, energy 
and momentum balance, and application of the results of hydraulic model studies. 

Simple pro'cedures have been developed, however, wherein the various flow conditions are ciasslfled and 
analyzed on the basis of a control section. A control section is a locatlon where there is a unlque 
relationship between the flow rate and the upstream water surface elevation. Many different flow 
condltions exist over time, but at any given time the flow is either governed by the culvert's inlet geometry 
(iniet control); or by a combination of inlet geometry, barrel characterlstlcs, and tailwater elevation (outiet 
control). Figure 4.3.58 illustrates typical conditions of inlet and outiet control. 

The procedures presented here provide for the anaiysis of both inlet and outlet control conditions to 
determine which is governing flow capacity and what that capacity Is. 

lnlet Control Analysls 

Nomographs such'as those provided in Figures 4.3.5C and 4.3.5D can be used to determlne the inlet 
control headwater depth at design flow for various'typea of culverts and iniet configurations. These 
nomographs were originally developed by the Bureau of Public Roads - now the Federal Highway 
Adminlstration (FHWA) - based on their studies of cuivert hydraulics. These and other nomographs can be 
found In the FHWA publication, Hvdraulic Deslan of Hiahwav Culvem, HDS Na.5 (Report No.FHWA-IP-85- 
15), September 1985; or the WSDOT Hydrauilc Manual. 

Also available in the FHWA publication, are the design equations used to develop the inlet control 
nomographs. These equations are presented below: 

For unsubmerged iniet conditions defined by Q/A~'.' ( 3.5; 

For submerged inlet conditions defined by Q/AD'.' 1 4.0; 

Where, 
HW - - 
D - - 

3 Z 

- - 
A I 

S - - 
K,M,c,Y = 
d, - - 
"c 

I 

9 - - 

Headwater depth above lnlet invert, ft. 
interior height of culvert barrel, ft. 
Specific head at crltical depth (d, + ~,2/2g), ft. 
Flow, cfs. 
Full cross sectional area of culvert barrei, sq ft. 
Culvert barrei slope, ft/ft. 
Constants from Table 4.3.5A. 
Critical depth (See Figure 4.3.56), ft. 
Flow velocity at critical depth, fps. 
Acceleration due to gravity, 32.2 ft/sec2. 

,, The approprlate equation form for various inlet types is specified in Table 4.3.5A 
For mitered inlets use +0.7S instead of -0.5s 
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Note, between the unsubmerged and submerged conditlons, there is a transition zone (3.5 < Q/AD'.' < 4.0) 
for whlch there Is only limited hydraulic study Information. The transition zone is deflned empirically by 
drawing a curve between and tangent to the curves deflned by the unsubmerged and submerged equations. 
In most cases, the transition zone'ls short and the curve Is easily constructed. 

Outlet Control Analysls I '  

, , 

Nomographs such as those provlded in Figures 4.3.5E and 4.3.5F can be used to determine the outlet control 
headwater depth at deslgn flow for various types of culverts and Inlets. Outlet control nomographs other than 
those provlded can be found In FHWA HDS No.5 or the WSDOT Hydiaulic Manual. 

The outlet control headwater depth can also be determined using the simple bickwater analysis procedure 
presented In Section 4.3.4 for analyzing pipe system capacity. This procedure' Is summarh& as follows for 
culverts: 

HW = H + T W - L S  
Where, 

= H, + He + He, 
= Friction Loss , ft. = ~~n '~12 .22R"~  

Note, If (H,+TW-LS) < Dl adjust H, such that (H,+TW-LS) = D. 
This will keep the analvsls simple and still yield reasonable 
results (erring on the ionservathle side). 

- 

= Entrance Head Loss, ft. = &(v2/2g) 
= Exit Head Loss, ft. = v2/2g 
=Tallwater depth above Invert of culvet? outlet, ft. 

Note, If TW < (D+d3/2, set TW = (D+dJ/2. This will keep the analysis simple and still yleld 
reasonable results. - . 

= Length of culvert, ft. 
= Slope of culvert barrel, ft/ft. 
=Interior height of culvert barrel, ft. 
= Barrel velocity, fps. 
= Manning's roughness coefficient (from Tablg 4.3.4V). 
= Hydraulic radius, ft. 
= Entrance loss coefficient (from Table 4.3.58). 
=Acceleration due to gravity, 32.2 ft/sec2. 
= Crltlcal depth (See Figlire 4.3.5G), ft. 

Note, the aboveprocedure should not be used to develop stage/dlscharge curves for level pool routlng 
purposes because.lts results are not preclse,for flow condltlons where the hydraullc grade llne falls 
significantly below the culvert crown (le, less than full flow condltlons). 

Computer Analysis 

The computer software package available with thls manual, contains two computer programs whlch can be 
used to analyze culvert capaclty and develop stage/discharge curves for level pool routlng purposes. These 
are BWPIPE and BWCULV. A schematic descrlptlon af the nomenclature. used In these programs Is provlded 
in Figure 4.3.5H. User lnstructlons are Included with the computer programs on disc. 

Methods of Analysls for Culverts Required to Provide for Fish Passage/Mlgration 

In.add1tlon to the other hydraullc methods of analysis for culverts preceding thls discussion, the following 
methods shall be used to apply the deslgn criteria for culverts required to provide for fish mlgratlon/passage. 

A deslgn flow rate, designated as the Culvert Fish Passage Design Flow (Q,), and'the estimated base flow Q,, 
shall be defined/estlmated using the followlng methods for ungaged or gaged streams. 
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For ungaged streams: 

o Q,-shall be defined as the flow rate that will not be exceeded more than 10%.of the time that the 
estimated runoff for the 2-year, 24-hour duration design storm event exceeds the estimated base 
flow (see Figure 4.3.5A). 

o Q, shall be estlmated by, elther: 

- using the mean daily discharge for the nearest hydrologically similar gaged stream, proportioned by 
tributary areas, OR uslng a flow equal to 50% of the peak rate of runoff to the culvert for the 2-year, 24- 
hour duration design storm event computed uslng only the pervious areas of ,the sub-basin tributary to the 
culvert. 

For gaged streams, or for those streams that have been modeled using a continuous ralnfall/runoff model: 

o Qf shall be the 1.5 year return frequency peak runoff. 

o Qb shall be estimated by using the mean daily discharge for the period of record proportioned by tributary 
area to the culvert using the technique described In Section 4.3.8, Hydrologic Analysis, Item 2(b): 

FIGURE 4.3.5A DETERMINATION OF - Q,: CULVERT FISH PASSAGE DESIGN FLOW 

Qppk-. 
- - - - - 

- Hydrograph for 2-year, 24-hour 
Q , - - - - - - - -  - 

- Time that 2 year runoff 

exceeds the estimated base flow 
3 u 

Time (hours) 
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Design Criteria for Culverts Required to Provide for Fish Migration 

Note, if the following criteria cannot be met a bridge or other structure that will,span the stream 
should be installed. In addition, culverts must meet any additional requirements of the Sensitive 
Areas Ordinance and those of other agencies such as the Washington State Department of Fisheries. 

Multiple Installations 

o When more than one culvert is provided, fish passage criteria need only be applied to one of 
them. The culvert to which fish passage criteria are applied should be installed at least 1 foot 
lower than the other culvert(s). 

Maximum Culvert Length 

o The maxiinum length for any culvert shall not exceed 100 feet. 

Velocities 

The average water velocity for 0, in the culvert should not exceed the following values: 

o For culverts less than 60 feet long, average velocity bhould not exceed 4 feetlsecond. 

o For culverts greater than 60 feet long, average velocity should not exceed 3 feettsecond. 

Water Depth 

o The depth of water for 0, should not tie less than 0.8 feet at any point within the culvert. 

Water Surface Profile 

o A vertical drop in the water surface profile at .any point within culvert influence for Q, should 
not exceed 1 $ 0  feet. 

Slope 

o The effective slope of the culvert at any point along its length should not exceed 0.5% for a 
culvert greater than 60 feet long, unless appropriate compensation is made by the addition of 
baffles within the culvert. 

o In culverts less than 60 feet long, effective slope should not exceed 1 % unless baffles are 
added. Culvert slope should not exceed 5% at any time, even with baffles. 

installation Below Grade 

o The culvert should be installed's0 that the bottom of the structure' is at least 1 foot below the 
natural grade line of the stream, or 20% pf culvert diameter,or rise, whichever is Qreater. 

o . The conveyance design capacity must be determined based on the free cross sectional area 
above the grade line through the culvert. 

Outlet pool and Tailwater Control 

o An outlet pool with tailwater control capabilities should be constructed at the downstream end 
of the culvert. . 6 

o iength and width of,the outlet pool should be twice the diameter of the culvert, and bottom 
elevation of the pool should be at least.2 feet below, culvert invert elevation at the outlet. 
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o The crest elevation of the tailwater controi device should be sufficient to provide a minimum depth of 
0.8 feet throughout the culvert during the lowest stream discharge anticipated, or at least 0.8 feet 
above the lowest elevation in the culvert fishway or baffle structure. 

o A small' notch or depression should be provided at the tailwater controi device to ensure that a 
passageway of sufficient depth for fish mlgratlon is available at minlmum flows. 

Culvert Baffles and Fishway 

o Offset baffles should be constructed in the culvert barrel if the slope of the culvert exceeds the 
criteria outlined above. 

Deslgn Crlterla and Analysls Methods For Brldges 

Bridge deslgns must reflect the requirements of the Sensltlve Areas Ordinance and Rules and those of 
other agencies such as the Washington State Departments of Fisheries or Wildlife. 

o Bridge clearance requirements. Note that clearance means vertical distance between the design 
water surface and the bottom of any part of the bridge. 

(1) For Type 1 streams, the design clearance shall be a minlmum of 6 feet. 

(2) For all other streams and constructed channels, the design clearance shall be a minimum of 
two feet or 25% of the mean channel width between ordinary high water marks at the crossing 
up to a Sfoot minimum clearance requirement, whichever is greater. 

(3) For lakes, wetlands or closed depressions, the design clearance shall be a mlnimum of two 
feet. 

o On streams with levees, the portlon of the approach slopes to a proposed brldge subject to 
floodwaters must be connected to the existing levees and the slopes designed to meet Federal 
Emergency Management Administration (FEMA) levee construction and stabiilty standards. 

o Locating bridge piers and abutments between the ordinary high water marks of a channel Is 
discouraged. 

o The Army Corps of Engineers Hydraulic Engineering Center publishes technical papers on methods 
used to address the hydraulic effects of bridge piers and abutments. The "Open-Channel 
Hydraulics" book by V.T. Chow also contains techniques for analyzing these hydraulic effects. 

o The direct step backwater method described in Section 4.3.4 shall be used to analyze the hydraulic 
impacts of bridge piers and abutments to the water surface profile. 
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TABLE 4.3.5A CONSTANTS FOR INLET CONTROL EQUATIONS 
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TABLE 4.3.5A CONSTANTS FOR INLET CONTROL EQUATIONS (CONTINUED) 
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TABLE 4.3.58 ENTRANCE LOSS COEFFICIENTS 

Type of Structure and Design of Entrance 

e. Concrete. P.V.C.. S~lra l  Rib. D.I.. and CPEP- S m c m t U W k  

Projecting from fill, socket (bell) end 
Projecting from fill, square cut end 
Headwall or headwall and wingwalls 

Socket end of pipe (groove-end) 
Square-edge 
Rounded (radius = 1 /12D) 

Mitered to conform to fill slope 
End-Section conforming to fill slope* 
Beveled edges, 33.7" or 45' bevels 
Side- or slope-tapered inlet 

Pine, or Plpe-Arch. Corruaated Metal and Other Non-Concrete or D L  

Projecting from fill (no headwall) 
Headwall or headwall and wlngwalls square-edge 
Mitered to conform to fill slope, paved or unpaved slope 
End-Section conformlng to flll slope* 
Beveled edges, 33.7' pr 45" bevels 
Side- or slope-tapered inlet 

pox. Reinforced Concrete 

Headwall parallel to embankment (no wingwalls) 
Square-edged on 3 edges 
Rounded on 3 edges to radius of 1/12 barrel dlmenslon, 

or beveled edges on 3 sides 
Wingwalls at 30' to 75' to barrel 

Square-edged at crown 
Crown edge rounded to radius of 1/12 barrel dimension, 

or beveled top edge 
Wingwall at 10" to 25" to barrel 

Square-edged at crown 
Wingwalls parallel (extension of sldes) 

Square-edged at crown 
Slde- or slope-tapered Inlet 

*Note: "End Section conformlng to fill slope," made of either metal or concrete, 

Coefficient K, 

0.2 
0.5 

0.2 
0.5 
0.2 
0.7 
0.5 
0.2 
0.2 

0.9 
0.5 
0.7 
0.5 
0.2 
0.2 

0.5 
0.2 

0.4 
0.2 

0.5 

0.7 
0.2 

are the 
sectlons commonly available from manufacturers. From llmlted hydraulic tests 
they are equlvalent In operation to a headwall In both and outlet control. 
Some end sections incorporatlng a closed taper in their design have a superior 
hydraulic performance. 

* 
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FIGURE 43.5B INLETIOUTLET CONTROL CONDITIONS 

INLET CONTROL - UNSUBMERGED INLET 

OUTLET CONTROL - SUBMERGED INLET AND OUTLET 
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FIGURE 4.3.5~-HEADWATER DEFTH FOR SMOOTH INTERIOR PIPE CULVERTS WITH INLET CONTROL 

EXAMPLE 

0.42 inchrs (3 .5 frat )  
0 . 1 2 0  c fs  

* D  in  feet 

ENTRANCE 
TYPE ' 

3 0  (1) Spuore i d e a  milh 
h rodya l l  - 20 (2) Groove and mith 
heodrol l  - 

13) Groove end 
p r o j e c t l n ~  

- 10 - - 0 - - 6 t o  use stole ( 2 )  or (3 )  project  - 5 h o r l r o n t o l l ~  t o  scole ( I ) , t h e n  

- 4 use strolghl  Inclined line through 
0 on6 O scoles, or reversa oe 

, 3  i l lus l ro t rd .  

ENTRANCE TYPE 
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FIGURE 4.3.5D HEADWATER DEPTH FOR CORRUGATED PIPE CULVERTS WhNLET CONTROL 

EXAMPLE 

0.36 inches (3 .0  teat) 
0.66 c ts  . 

nwa nw - 
D (feet) 

11) 1 . 8  5.4 

19 2.1 6.3 

0) 9.2 6.6 

'0 in teet 

ENTRANCE TYPE 

1 )' SCALE ENTRANCE 
TYPE 

(2) Mltersd to conform 
to slope 

(1) Projecting 

To use scole (21 or (3) project 
horizontoily to scols ( I ) ,  then 
use slrolght inclined line through 
0 on4 0 acoles, or revarse as 
i l lu8lrotsd.  
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FIGURE 4.3.5E HEAD FOR CULVERTS (PIPE WI "n" = 0.012), FLOWING FULL WITH OUTLET. CONTROL 

for ~ ~ t 1 . t  crown not wbrnerged, &gule MW bv 
melhoQ8 d r o i h d  in ~ I U  darlgo #oardun 
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FIGURE 4.3.5F HEAD FOR CULVERTS (PIPE WI "n" = 0.024), FLOWING FULL WITH OUTLETCONTROL 

SUBMERGED OUTLET CULVERT FLOWING FULL 
HW. n* b -LSo 

For oullet cmwn no1 wbmerged, cur~pule MW bp 
methods deac;lkd n ~iu derlgn pocrdun 
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FIGURE 4 . 3 . 5 ~  CRITICAL DEPTH OF FLOW FOR CIRCULAR CULVERTS 

I Note: For all cross-sectional 

trial and error knowing that the 
t 

. shapes, dccan be calculated by 0.20 

quantity ( Q ~  T / ~ A ~ ) = I  .O at critical 
depth. 

EXAMPLE 

D ='66 inches, Q = 100cfs 
d,/D - Ratio = 0.50 
d, = (0.50)(66 inches) = 33 inches + (12 incheslft) 
d, = 2.75 feet 
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FIGURE 4.3.5H DWPIPWBWCULV - VARIABLE DEFINITIONS 

- ------ - -s  I FLOW DATA 
~ E H U  7 KE'VEH v - 3 

\ --- 
4 -----_ r-----------, E.G.L. ---------_ 1 :  VNH 7 VEH I 

' VOH =VCH 

", DXN"X =~ - X * 

FLOW DATA 

DC - Critical Depth (ft) 
DN - ~o rma l  Depth (A) 
TW - Tailwater Depth (ft) 
DO - Outlet Depth (ft) 
DE - Entrance Depth (ft) 
HWO - Headwater (ft) assuming Outlet Control 
HWI - Headwater (ft) assuming lnlet Control 
DXN - Distance (expressed as a fraction of the pipe 

length) from the oultlet to where the flow profile 
intersects with normal depth. DXN will equal 
one under full-flow conditions and will equal 
zero when a hydraulic jump occurs at the oulet 
or when normal depth .equals zero (normal 
depth will equal zero when the pipe grade is 
flat or reversed). 

VBH - Barrel Velocity Head (ft) based on the average 
velocity determined by V=Q/AfuII , 

VUH - Upstream Velocity Head (11) based on an inputted 
velocity, 

EHU - Upstream Energy Head (ft) available after bend 
losses and junction losses have been subtracted 
from VUH. 

VCH - Critical Depth Velocity Head (11) 
VNH - Normal Depth Velocity Head (ft) 
VEH - Entrance Depth Velocity Head (ft) 
VOH - Oulet Depth Velocity Head (11) 

COEFFICIENTSIINLET DATA 

KE - Entrance Coefficient under 
Oulet Control 

KB - Bend Loss Coefficient 
KJ - Junction Loss Coefficient 
K - lnlet Control' Equation Parameter 

(See Table 4.3 .5~)  
M - lnlet Control Equation Parameter 

(See Table 4.3.5A) 
C- lnlet Control Equation Parameter 

(See Table 4.3.5A) 
Y - Inlet Contfol Equation Parameter 

(See Table 4.3.5A) 
Q - Ratio - Ratio of tributary flow to 

main upstream flow or 410, 

Q3. 
Junction >02- 
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. . 

FIGURE 4.3.5' CULVERT DISCHARGE PROTECTION 
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Core Requirement #4, Section 1.2.4, provides the definition and general requirements for outfalls 
and for outfalls above steep slopes. 

Deslgn Crlterle end Methods of Analysis for Outfall8 

o All outfalls (at a minimum) shall be provided with a. rock splash pad (See Figure 4.3.51). The 
flow dispersal trench shown in Figure 4.3.6.8. shall only be used as an outfall as described in 
Core Requirement 1.2.1. For outfalls with a velocity at design flow greater than 10 fps, a 
gabion dissipator or engineered energy dissipator shall be'required (see Table 4.3.6A). 

o Mechanisms which reduce velocity prior to discharge from an outfall are encouraged. Some of 
these are drop manholes and rapid expansion into pipes of much larger size. 

o Engineered energy dissipators, including stilling basins, drop pools, hydraulic jump basins, 
baffled aprons, and bucket aprons, are required for outfalls with velocity at design flow greater 
than 20 fps. These should be designed using published or commonly known techniques found 
in such references as "Hydraulic Design of Energy Dissipators for Culverts and Channels" 
published by, the Federal Highway Administration of the United States Department of 
Transportation; "Open Channel Flow", by V.T. Chow; "Hydraulic Design of Stilling Basins and 
Energy Dissipators", EM 25, Bureau of Reclamation 1978; and others, such as those published 
by the Soil Conservation Service. 

o Examples of alternate mechanisms include concepts such as a bubble-up structure (which will 
eventually drain) and a structure fitted with reinforced concrete posts. Alternate mechanisms 
such as these should be' designed using sound hydraulic principles and consideration of 
constructability and ease of maintenance. 

o Inlet control will usually dictate outfall pipe system capacity. These conditions should be 
carefully examined, as well as the consequences, should the inlet to the pipe system become 
plugged or capacity exceeded. 

Outfalls Systems Traversing Steep Slopes 

o Based on past experience, outfall systems constructed of pipe segments which are banded 
andlor gasketed have failed. This has resulted from leaks developing at the joints, accelerating 
erosion around the pipe, and inevitable failure of the system.These failures on steep or unstable 
slopes can result in incision of the adjacent slopes and downstream sedimentation which clogs 
conveyance systems and destroys wildlife habitat. 

o These outfall failures have directed. King County's requirement for the use of continuously 
fused, welded or flange bolted mechanical joint pipe systems with proper anchoring for outfalls 
on steep slopes. For the past several years high density polyethylene pipe (HDPP) has been 
used very successfully in preventing these failures. While high in material costs, it's relative 
ease of installation, high performance and durability makes its life cycle cost comparable to, if 
not lower than, traditional installations. Ductile iron pipe with flange-bolted mechanical joints 
or "restrained-joints" also has proven reliable for steep slope applications. 

Design Criterla for Ouifail Syatem Traversing Steep Slopes 

o Outfall pipe systems can be installed in trenches with standard bedding on slopes up to 40%. 
0.n slopes greater than 40%, outfall pipe systems shall be placed on the ground surface with 
proper pipe anchorage and support. 

' 

o HDPP outfall systems must be designed to address the material limitations as specified by the 
manufacturer, in particular thermal expansionlcontraction and pressure design. The coefficient 
of thermal expansion and contraction for HDPP is on the order of 0.001 inch per foot per 
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Fahrenheit degree. Sliding sleeve connections to address this thermal expansion and 
contraction shall be used. These sleeve connections consist of a section of the appropriate 
length of the next larger size diameter of pipe into which the outfall pipe is fitted. These sleeve 
connections must be located as close to the discharge end of the outfall system as is practical. 

o Due to HDPP's ability to transmit flows of very high energy, special consideration for energy 
dissipation must be made. A sample gabion mattress energy dissipator for this purpose has 
been provided as Figure 4.3.6A. Flows of very high energy will require a specifically 
engineered energy dissipator structure, as described above. 
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TABLE 4.3.6A ROCK PROTECTION AT OUTFALLS ' 

REQUIRED PROTECTION 

Minlmum Dimenslons 

Type Thickness Width Length Height 

.Rip Rap* 1 ft. Diameter 8 ft. Crown 
+ 6ft. or 4X Dia. + 1 ft. 

whichever is 
greater 

Rip Rap** 1 ft. Diameter 12 ft. Crown 
+ 6ft. or 4X dia. + I ft. 
or 3X dia., whichever is 
whichever is greater 
greater 

Gabion Outfall 1 ft. (As required) (As required) Crown 
+ 1 ft. 

Engineered Energy Disslpator Required 
-- 

Discharge Velocity 
At Design Flow (fps) 

* Rip rap shall be in accordance with section 9-13.1 of the WSDOT/APWA Standard Specifications. 
Rip rap to be reasonably well graded with rock gradation as follows: 

Passing 8 inch square sieve 100% Maximum stone size 8" 
Passing 6 inch square sieve 4040% or Medium stone size 6 
Passing 2 inch square sieve 0-10% I ;  { Minimum stone size 2" 

** Rip rap to be reasonably well graded with rock gradation as follows: 

Maximum stone. size 24" (nominal diameter) 
Median stone size 16" 
Minimum sione size 4" 

Note: Rip rap sizing governed by side slopes on outlet channel, assumed to be ~ 3 : 1 .  

Greater 
than 

0 

5 

10 

20 

Less than 
or equal to 

5 

10 

20 

N/A 
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1 .  

FIGURE 4.3.6A GABION OUTFALL DETAIL 

Y 

Put- i = i ~ ~  F:A~SIL rnJW : -Tlo)L1 C-C 

4k8l~hi4 &- 501~ -144 
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FIGURE 4.3.613 FLOW DISPERSAL TRENCH 

FUu) 7 6  S E C ~ N P  3 1SPbesA~ 
~ t ~ o  CAP OR'  fCu6 Ttc~JLfi / F; AJELEKAh'r 
( , ~ I \ I  ON W\(E WM P~PE . hA 

--- tA_ l U F C U c f l  fin - - 
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4.3.7 OPEN CHANNELS 

Open channels can be classified as either natural or constructed. Natural channels are generally 
referred to as streams, creeks or swales, while constructed channels are'most often called ditches 
or, simply, channels. The Sensitive Areas Ordinance and Rules and Chapter 1 should be reviewed 
for requirements related to streams. 

W a I  cha- are defined as those which have occurred naturally due to the flow of surface 
waters or those that, although originally constructed by human activity, have taken on the 
appearance of a natural channel including a stable route and biological community. They may vary 
hydraulically along each channel reach and should be left in their natural condition wherever 
feasible or required, in order to maintain natural hydrologic functions and wildlife habitat benefits 
from established vegetation. 

Constructed channels are those constructed or maintained by human activity and include bank 
stabilization of natural channels. Constructed channels shall be either rock-lined, vegetation-lined, 
or lined with appropriately "bio-engineered" vegetation. 

V tat~on-lined chann . . are the most desirable of the constructed channels when properly ! 

f l g n e d  and construct$. The vegetation stabilizes the slopes of the channel, controls erosion 
of the channel surface and removes pollutants. The channel storage, low velocities, water . 
quality benefits, and greenbelt multiple-use benefits create significant advantages over other 
constructed channels. The presence of vegetation in channels creates turbulence which results 
in loss of energy and increased flow retardance; therefore, the design engineer must consider 
sediment deposition and scour, as well as flow capacity. 

Pock-lined channel6 are necessary where a vegetative lining will not provide adequate 
protection from'erosive velocities. They may be constructed with quarry spall rip rap, gabions, 
or slap@ mattress linings. The rock lining increases the turbulence, resulting in a loss of energy 
and increased flow retardance. Rock lining also permits a higher design velocity and therefore 
a steeper design slope than in grass-liried channels. Rock linings are also used for erosion 
control at culvert/storm drain outlets, at sharp channel bends, channel confluences, and locally 
steepened channel sections. 

Design Criteria 

Geometry: Channel section geometry shall, be trapezoidal, V-shaped parabolic, or segmental as 
' 

shown in Figure 4.3.7D through 4.3.7F. Side slopes shall be not steeper than 3:1 for vegetation. 
lined channels and '2:l for rock-lined chann,els unless engineered (Roadside ditches shall be per King 
County Roads Standards). 

Channel Freeboard: As specified in Section 1.2.4 for ditches and channels and section 1.3.5 for 
constructed swales. 

Maximum Slo~e/Veloci&: Vegetation lined channels shall have bottom slope gradients of 5% or 
less and a maximum velocity at design flow of 5 fps. (See Table 4.3.7A). 

Stabilization: Rock-lined channels or bank stabilization of natural channels shall be used when . !' 
design flow velocities exceed 5 fps. Rock lining shall be in accordance with Table 4.3.7A or i ' 

stabilized with bioengineering methods as described below. 

m m e n t g :  An access. easement for maintenance is required along all constructed channels 
located on private property., Required easement widths and building setback lines vary with 
channel top width as shown in Table 4.3.2A. 

Bioengineered Channels And Bank Stabilization 
1 . :  

Soil '?8ioengineeringn is a highly specialized science that uses living plants and plant parts to 
stabilize eroded or damaged land. Its .application to eroded stream or river banks'provides desirable' 
alternatives to the conventional methods of rock armoring. 
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Properly "Bioengineered" systems are capable of providing a measure of immediate soil protection 
and mechanical reinforcement. As the plants grow they produce a vegetative protective cover and 
a root reinforcing matrix in the soil mantle. This root reinforcement serves several purposes: 

(1) The developed anchor roots provide both shear and tensile strength to the soil, thereby 
providing protection from the frictional shear and tensile velocity components to the soil mantle 
during the time when flows are receding and pore pressure is high in the saturated bank. 

(2) The root mat provides a living filter in the soil mantle which allows for the natural release of 
water after the high flows have receded. 

(3) The combined root system exhibits active friction transfer along the length of the living roots. 
This consolidates soil panicles in the bank and serves to protect the soil structure from 
collapsing and the stabilization measures from failing. 

The vegetative cover provides immediate protection during high flows by laying flat against the 
bank and covering the soil like a blanket. It also reduces pore pressure in saturated banks through 
transpiration by acting as a natural "pump" to "pull" the water out of the banks after flows have 
receded. 

Rip Rap Design 
(from a paper prepared by M. Schaefer, Dam Safety Section, Washington State Department of 
Ecology .I 

In the placing of rip rap, stones are placed on the channel sides and bottom to protect the 
underlying material from being eroded. Proper rip rap design requires the determination of the 
median size of stone, the thickness of the rip rap layer, the gradation of stone sizes and the 
selection of angular stones which will interlock when placed. Research by the U.S. Army Corps of 
Engineers. has provided criteria for selecting. the median stone size, W,, (Figure 4.3.7A). If the rip 
rap is to be used in a highly turbulent zone, such as at a culvert outfall, downstream of a stilling 
basin, at sharp changes in channel geometry, etc., the median stone (W,,) should be increased 
from 200% to 600% depending on the severity of the locally high turbulence. The thickness of 
the rip rap layer should generally be twice the median stone diameter (D,,) or at least that of the 
maximum stone. The rip rap should have a reasonably well graded assortment of stone sizes 
within the following gradation: 

Dmax Dmin 1.253-31.50, Dl, D,, =0.50, - =0.25 
D60 40 

For a more detailed analysis and design procedure for rip rap requiring.water surface profiles and 
estimates of tractive force, refer to the paper by Maynord et al, Journal of Hydraulic Engineering 
(A.S.C.E.), July 1989. 

Rip Rap Filter Design 

The rip rap should be underlain by a sand and gravel filter (or filter fabric) to keep the fine materials 
in the underlying channel bed from being washed through the voids in the rip rap. Likewise, the 
filter material. must be selected so that it is not washed through the voids in the rip rap. Adequate 
filters can usually be provided by a reasonably well graded sand and gravel material where: 

Where dB, refers to the sieve opening through which 85% of the material being protected will pass 
and Dl, has the same interpretation for the filter material. A filter material with a D,, of 0.5 mm 
will protect any finer material including clay. Where very large rip rap is used it is sometimes 
necessary to use two filter layers between the material being protected and the rip rap. 
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FIGURE 4.3.7A MEAN CHANNEL VEL. vs MED. STONE WT. (W,, 1 AND EQUIVALENT STONE DIA. 

( puoses l ad  + a a j )  X + ! s o l e ~  
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What rip rap deslgn should be used for protection of a stream bank at a culvert outfall where the outfail 
velocities in the vicinity of the downstream toe are expected to be about 8 fps? 

From Figure 4.3.7A, W, = 6.5 Ibs, since the downstream area below the outfall will be subjected to severe 
turbulence, increase W, by 400%, 
use: 

W, = 26 Ibs, D, = 8.0 Inches 

The gradation of the rip rap 'is shown In Figure 4.3.7.8, and the minimum thlckness would be 1 ft. (from 
Table 4.3.7A); however, 16 inches to 24 inches of rip rap thlckness would provide some addttlonai 
insurance that the rip rap will function properly in this highly turbulent area. 

Inspection of 4.3.7.8 shows that the gradation curve for ASTM C-33, size number 57 coarse aggregate 
(used in concrete mixes), would meet the filter criteria. Applying the filter criteria to the coarse aggregate 
would demonstrate that any underlying material whose gradation was coarser than that of a concrete sand 
would be protected. 

For additional information and procedures for specifying filters for rip rap and general guidance, refer to 
the Army Corp of Engineers Manual EM 1 1 10-2-1 601 (1 970) "Hydraulic Design of Flood Control Channels", 
paragraph 14, Rip Hap Protection. 

METHODS OF ANALYSIS, 

Three methods of analysis are presented here for sizing and analyzing open channels. 

(1) Mannlngs Equation for Preliminary Sizlng of Open Channels 

Thls method is used for preliminary sizing of open channel reaches of uniform cross-section and slope (ie., 
prismatic channels), and uniform roughness. it assumes the flow depth (or normal depth), and flow 
velocity, remain constant throughout the channel reach for a given flow. 

The charts In Figures 4.3.7C and 4.3.7D can be used to obtaln graphic solutions of Manning's Equation for 
common ditch sections. For conditions outside the range of these charts, or for more preclse results, 
Mannlng's Equation can be solved directly from its classic forms: 

Table 4.3.78 provides a reference for seiectlng the appropriate "nu values for open channels. A number of 
engineering reference books, such as "Open-Channel Hydraulics" by V.T. Chow, (Table 5-6 and Figure 
5-5), may also be used as a guide in the selection of "n" values. Figure 4.3.7E contains ttie geometric 
elements of common channel sections useful In determining area (A), wetted perimeter (WP), and 
hydraulic radius (R= A/WP) 

Note, if flow restrictions occur which raise the water level above normal depth within a given channel 
reach, a backwater condition (or non-uniform flow) is said to exist. Thls condition can result from flow 
restrlctlons created by a downstream culvert, bridge, dam, pond, lake, etc., and even a downstream 
channel reach having a higher normal flow depth. If backwater conditions are found to exist for the design 
flow, a backwater profile should be computed to verb  that the channel's capacity is still adequate as 
designed. The Dlrect Step or Standard Step backwater methods presented next, can be used for this 
purpose. 
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w 

- 
TABLE 4.3.7A CHANNEL PROTECTION 

Mln. Height 
Above Design 
Water Surface 

0.5 ft. 

1 ft. 

2 ft. 

2 ft. .. . 

* Rip rap shall be in accordance with section 9-13.1 of the WSDOT/APWA Standard 
Specificatlons. 

* Rip rap shall be reasonably well graded assortment of rock with the following gradation: 

~ax imum storie size' 12" 
Median stone size 8" 
Minimum stone size 2" 

** Rip rap shall be reasonably well graded assortment of rock with the following gradation: 

Maximum stone size 24" 
Median stone size 16" 
Minimum stone size 4" 

Note: Rip rap sizing governed by side slopes on channel, assumed h3.1. 

*** Bioengineered lining allowed for design flow up to 8 fps. 
L 

Thickness 

N/A 

1 ft. 

2 ft. . 

Varies 

Required 
Protection 

a Grass Lining*** 

Rip rap*, *** 

Rip Rap** 

Slope mattress 
Gabion, etc. 

Velocity at Design 
Flow (fps) 

Greater 
than 

0 

5 

8 

12 

Less than 
or equal to 

5 

8 ' 

12 

20 
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FIGURE 4.3.7B RIPRAP GRADATION CURVE 

a t e  
7 
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' ~o te ,  these "n" values are 'normal" values for use In analysls of channels. For conse~vatlve design for 
channel capacity the "maximum" values listed In other references should be considered. For channel bank , 
stability the mlnlmum values should be considered. 

TABLE 4.3.78 VALUES OF THE 

Type of Channel 
and Description 

A. Constructed Channels 
a. Earth, stralght and uniform 

1. Clean, recently completed 
2. Gravel, uniform section, 

clean 
3. With short grass, few 

weeds . 
b. Earth, winding and sluggish 

1. No vegetation 
2. Grass, some weeds 
3. Dense weeds or aquatic 

plants In deep channels 
4. Earth bottom and rubble 

sides 
5. Stony bottom and weedy 

banks 
6. Cobble bottom and clean 

sides 
c. Rock lined 

1. Smooth and uniform 
2. Jagged and Irregular 

d. Channels not maintained, 
weeds and brush uncut 
1. Dense weeds, high as flow 

depth 
2. Clean bottom, brush on 

sides 
3. Same, highest stage of 

flow 
4. Dense brush, high stage 

B. Natural Streams 
B-1 Minor streams (top width at 

flood stage < 100 ft.) 
a. Streams on plain 

1. Clean, straight, full stage 
no rifts or deep pools 

2. Same as above, but more 
stones and weeds 

3. Clean, winding, some 
pools and shoals 

4. Same as above, but some 
weeds 

5. Same as 4, but more 
stones 

ROUGHNESS 

Manning's 
I1 11. n 

(Normal) 

0.018 
0.025 

0.027 

0.025 
0.025 
0.030 

0.035 

0.030 

0.035 

0.040 

0.035 
0.040 

0.080 

0.050 

0.070 

0.100 

0.030 

0.035 

0.040 

0.040 

0.050 

COEFFICIENT, "n" 

Type of Channel 
and Description 

6. Sluggish reaches, weedy 
deep pools 

7. Very weedy reaches, deep 
pools, or floodways with 
heavy stand of timber and 
underbrush 

b. Mountain streams, no vegetation 
in channel, banks usually steep, 
trees and brush along banks 
submerged at high stages 
1. Bottom: gravel, cobbles, and 

few boulders 
2. Bottom: cobbles with large 

boulders 
8-2 Flood plains 

a. Pasture, no brush 
1. Short grass 
2. High grass 

b. Cultivated areas 
1. No crop 
2. Mature row crops 
3. Mature field crops 

c. Brush 
1. Scattered brush, heavy 

weeds 
2. Light brush and trees 
3. Medium to dense brush 
4. Heavy, dense brush 

d. Trees 
1. Dense willows, straight 
2. Cleared land with tree 

stumps, no sprouts 
3. Same as above, but with 

heavy growth of sprouts 
4. Heavy stand of timber, a few 

down trees, llttle 
undergrowth, flood stage 
below branches 

5. Same as above, but with 
flood stage reaching 
branches 

Manning's 
I1 11. n 

(Normal) 

0.070 

0.100 

0.040 

0.050 * 

0.030 , 
0.035 

0.030 
0.035 
0.040 

0.050 

0.060 
0.070 
0.100 

0.150 
0.040 

0.060 

0.100 

0.120 

- 
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FIGURE 4.3.7C DITCHES, COMMON SECTIONS 



K I N G  C O U N T Y ,  W A S H I N G T O N ,  S U R F A C E  W A T E R  D E S I G N  M A N U A L  

FIGURE 4.3.7D DRAINAGE DITCHES, COMMON SECTIONS 

SLOPE IN FEET PER FOOT 
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FIGURE 4.3.73 GEOMETRIC ELEMENTS OF COMMON SECTIONS 
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(2) Direct Step Backwater Method for Analyzing Channel Capacity 

This method can be used to compute backwater profiles on prismatic channel reaches (le., reaches having 
unlform cross-sectlon and slope) where a backwater condltlon or restrlctlon to normal flow Is known to exist. 
The method can be applled to a serles of prlsmatlc channel reaches In secession beglnnlng at the . , 

downstream end of the channel and computing the profile upstream. 

To illustrate analysis of a single reach, consider the following dlagram: 

Equating the'total head at cross-sections 1 and 2, the following equatlon may be written: 

Soivlng for AX, 

Where E Is specific'energy and assumlng a, = a, = a, where a Is the energy coefflclent whlch corrects 
for the non-uniform distribution of veloclty over the channel cross-sectlon. 

and: . y . = depth of flow 
V = mean velocity 
a = energy coeff lclent 
S, 9 bottom slope 
S, = frlctlon slope = n v  ,, 

2.21 R 

g = acceleration due to gravity = 32.2 ft/s2 
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Typical values of the energy coefficient, a, are as follows: 

Channels, regular section 1.15 
Natural Streams 1.3 
Shallow vegetated flood fringes (includes channel) 1.75 

For a given flow, channei slope, Manning's "nu, and energy coefficient, a, together with a beginning water 
surface elevation, y,, the values of Ax may be calculated for arbitrarily chosen values of y,. The coordinates 
defining the water surface profiie are obtained from the cumulative sum of Ax and corresponding values of y. 

The normal Row depth, y,, should first be calculated from Manning's Equation to establish the upper limit of 
the backwater effect. 

Calculating the coordinates of the water surface profiie using this method is an iterative process achieved by 
choosing a range of flow depths, beginning at the downstream end, and proceeding incrementally up to the 
point of Interest or to the point of normal flow depth. This is best accomplished by the use of a table (see 
Figure 4.3.7F) or computer program (as discussed below). 

To Illustrate this method, an example Is provided in Figure 4.3.7G. 

(3) Standard Step Backwater Method for Analyzing Channel Capacity 

This method is a variation of the Direct Step Backwater Method and can be used to compute backwater 
profiles on both prismatic and non-prlsmatlc channels. In this method, stations are established along the 
channei where cross-section data is known or has been determined through field survey. The computation is 
carried out in steps from station to station rather than throughout a given channel reach as is done in the 
Direct Step method. As a result, the analysis involves signlficantiy more trial and error calculation in order to 
determine the flow depth at each station. 

Because of the iterative calculations involved, use of a computer to perform the analysis, Is recommended. 
The BWCHAN computer program included in the software package available with this manual, is based on 
the Standard Step Backwater method, and can be used for all channel capaclty analysls. It can also be 
combined with the BWPIPE and BWCULV programs, to analyze an entire drainage conveyance system. A 
schematic description of the nomenclature used in the BWCHAN program is provided in Figure 4.3.7H. User 
instructions are included with the program on disc. 



FIGURE 4.3.7F OPEN CHANNEL FLOW PROFILE COMPUTATION 
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FIGURE 4.3.7G EXAMPLE DIRECT STEP BACKWATER METHOD 

The step computations are carried out as shown In Figure 4.3.7G, above. The values in each column of 
the table are explained as follows: 

Col. 1. Depth of flow in ft. assigned from 6 to 2 ft. 
Col. 2. Water area In ft.' corresponding to depth y In Col. 1 
Col. 3 .  . Hydraulic radius In ft, corresponding to y in Col. 1 
Col. 4. Four-thirds power of the hydraulic radius 
Col. 5. Mean veloclty In fps obtalned by dlvldlng Q(30 cfs) by the water area In Col. 2. 
Col. 6. Veloclty head In feet 
Col. 7. Speclflc energy In feet obtained by addlng the velocity head In Col. 6 to depth of flow In 

Col.' 1. 
Col. 8. ,Change of speclflc energy In ft, equal to the dlfference between the E value In Col. 7 

and that of the previous step. 
Col. 9. Frlctlon slope St, computed from V as glven In Col. 5 and Fl4I3 In Col. 4. 
Coi. 10. Average frlctlon slope between the steps, equal to the arlthmetlc mean of the frlction 

slope just computed In Col. 9 and that of the prevlous step. 
Col. 11. Difference between the bottom slope, So, and the average frlction slope, S,. 
Col. 12. Length of the reach In ft. between the consecutive steps. 

Computed byAX = AE/(So - St) or by divlding the value In Col. 8 by the value in 
Col. 11. 

Col. 13. Distance from the beginning polnt to the section under consideration. Thls Is equal to 
the cumulative sum of the values In Col. 12 computed for previous steps. 

As with the hydrologic methods described In Chapter 3, there are a number of commercially available 
software programs available for use on personal computers that use varlatlons of the standard step 
backwater method for determinlng water surface profiles. .The most common and widely accepted 
program is published and is supported by the Unlted States Army Corps .of Englneers Hydraulic 
Englneerlng Center and Is called HECQ. It Is the model required by the Federal Emergency Management 
Administratlon (FEMA) for use in performing flood hazard studies for preparing flood insurance maps. 
Other programs include WSP-2 publlshed by the SCS, and WSPRO or E-431 published by U.S.G.S. 



FIGURE 4.3.7H BWCHAN - VARIABLE DEFINITIONS 
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BWCHAN - VARIABLE DEFINITIONS 
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YC-IN - Critical Depth (11) at current section based on lncomlng flow'rate. 
YC-OT - Critical Depth (ft) at current section based on outgolng flow rate. 
YN-IN - Normal 'Depth (ft) at current section based on lncomlngflow ratelchannel grade. 
YN-OT - Normal Depth (ft) at current section based on outgolngflow ratelchannel grade. 
Y1 - Final Water Deptti (ft) at current section 
N-Y1' -. Composhe n-factor of current section for final depth, Y1. 
A-Y1 - Cross-sectional Area (ft ) of current section for final depth, Y1. 
WP-Y1 - Wetted Perimeter (ft) of current section for final depth, Y1. , 

V-Y1 - Average velocity (fps) at current section for'final depth, Y1. 
El  - Total Energy Head (ft) at current section (Y1 + E C ' ~  126). 
E2 - Total Energy Head (ft) at previous or downstream section. 
SF1,- Friction Slope of current section. 
SF2 - Friction Slope of'previous or downstream section. 
DXY - Distance (expressed as a fraction of the current reach length) from the . 

previous or downstream section to where the flow profile would intersect 
the final water depth, Y1, assuming Y1 were to remain constant 
throughout the reach. 

EC - 'Energy Coefficient "a" 
Q-MI  - The flow rate used to determine Tailwater Height from an inputted HW/TW Data File. 
MI-HT - Tailwater Height. : 
Q-Y1 -',Flow rate (cfs) in channel at current section, for depth, Y1 

(used in the,program8s "Adjust" option -, N); 
VU-Y1 - Upstream Velocity (fps) at current section for depth, Y1 ("Adjust" option). 
V1-HD - Channel Velocity Head (11) at current section. 
VU-HD - Upstream Velocity Head (ft) at current section. 



4.3.8 FLOODPLAINIFLOODWAY ANALYSIS 

Special Requirement #9: Delineation of the 100-year Floodplain in Section 1.3.9 and the King 
County Flood Hazard code describe the requirements used to evaluate the compatibility of a 
proposed project and an adjacent floodplain/floodway. This section describes the requirements for 
and techniques used to perform minor floodplain and major flood hazard studies. 

Minor Floodplain Study 

In some situations,' a minor floodplain study must be performed in order to address the 
compatibility and impacts of a proposed project, such as in ditches behind roadway cross culverts 
or to delineate the 100-year floodplain. When evaluating the conveyance system capacity of 
drainage ditches, open channels or streams without an approved floodplain or flood hazard study, 
the floodplain may be determined using the direct step backwater method, standard step 
backwater method, or the software programs described in Section 4.3.7. 

For lakes, wetlands and closed depressions where an existing 100-year floodplain study has not 
been performed the methods of analysis for Closed Depressions described in Section 3.5 in Chapter 
3 shall be used based on assuming a static initial water surface elevation at the apparent ordinary 
high water mark of the lake or wetland. 

Exception:, If an approved floodplain study does not exist and the floodplain is not for a river 
defined as a "receiving water", a proposed project will not be required to submit a Minor Floodplain 
study to delineate the 100-year floodplain boundaries, but will be required to submit an engineering 
plan that demonstrates that any proposed project buildings, or building sites, access roads, or 
utilities that would be damaged if flooded, will be located on the site at an elevation of at least 10 
vertical feet above the ordinary high water mark of the stream, lake, wetland or closed depression 
(or 2' above the downstream overflow elevation, whichever is less). The area of the proposed 
project site that is at or below this elevation will be dedicated as a drainage easement. The 
drainage easement must be labeled "Assumed 100-year Floodplain and Floodway" and the 
corresponding elevation must be identified as "Assumed Base Flood Elevation = on the site 
improvement plans and on any final subdivision maps prepared for the proposed project. The 
required building setback line from this drainage easement shall be 10 feet. 

Maior Flood Hazard Studies 

When a flood hazard study will be used for a flood hazard study under the Sensitive Area Code or 
to justify a Flood Insurance Rate Map revision to the Federal Emergency Management 
Administration (FEMA), the study must conform to FEMA regulations described in Pan 65 of 44 
CFR. Note that FEMA has a map correction process for individual properties based on 
demonstrating an error in the original mapping by submitting new technical information (see Part 
70 of CFR Ch.1). In addition, the following information must be provided and procedures 
performed for all major flood hazard studies. 

Information Required 

The following information is required for review of floodplain/floodway analysis in addition to that 
required for the drainage plan of a proposed project. 

(1 Two copies of a separate floodplain/floodway map stamped by a professional civil engineer 
registered in the State of Washington and a professional land surveyor registered in the State 
of Washington (for base survey). The map must accurately locate any proposed development 
with respect to the floodplain and floodway, the channel of the stream, existing development in 
the floodplain, all pertinent information such as the nature of any proposed project, legal 
description of the property on which the project would be located, fill quantity, limits and 
elevation, the building floor elevations, flood-proofing measures, and any use of compensatory 
storage. 

The map must show elevation contours at a minimum of two foot vertical intervals and shall 
comply with survey and map guidelines published in the FEMA publication, "Guidelines and 
Specifications for Study Contractors." The map must show: elevations and ground contours; 
elevations and 
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dimensions of existing structures, fill and compensatory storage areas; size, location, elevation, and 
spatial arrangement of all proposed structures on the site; location and elevations of roadways, 
water supply lines, and sanitary sewer facilities. 

(2) Two copies of a repoi stamped by a professional civil engineer which must include the calculations 
or any computer analysis input and output information and the following additional information. 

(a) Valley cross-sections showing the channel of the stream;, the floodplain adjoining each slde of 
the channel, the computed floodway, the cross-sectional area to be occupied by any 
proposed development, and all historic high water information. 

, 
, (b) Profiles showing the bottom of the channel, the top of both left and right banks, and existing 

and proposed base flood water surfaces. 
(c) Plans and Specifications for flood-proofing any lructures, construction and materials, filling, 

dredging, channel improvement, storage of materials, water supply, and sanitary facilities 
within the floodplaln. 

(d) Complete printout of input and output for HEC-2. Liberal use of comments will assist in 
understanding model logic and prevent review delays. 

(9) One ready-to-run digital copy of each HEC-2 input file used In the study. Data shall be : 
submitted on a double-sided, doubie4ensity (360 kilobyte) ,floppy disk In standard ASCII 
format, ready for use on an IBM-compatible PC. 

Hydrologic Analysis (determlnatlon of flows) 

. . The techniques used to determine the flows used' h the analysis depend on'the avallabilky of gage data or 
whether a basin plan has been adopted. The first technique is for basins in adopted basin plan areas. 
The second technique is used If a gaging statlon eklsts on the stream. The third technlque Is us'ed on 
ungaged catchments or those with an insufficient length of record. In all cases, the engineer shall be 
responsible for assuring that hydrologic methods e e d  are technically reasonable and conservative, 
conform to the "Guidelines and Specifications for Study Contractors", and are acceptable I , .  by FEMA. 

(1) The first technique is used for those areas of Klng County where a basln plan has been adopted by 
the County since 1986. The hydrologic model used in the basin plan shall be'updated to include the 
latest changes in zoning, or any additional information regarding the basin which has been acquired 
since the adoption of the basin plan. . , 

(2) The second techniq;e uses the log+ears&n Type 111 distrlbutlon method as described in Bulletin 17B 
of the Hydrology Committee, United States Water Resources Council, entitled "Guidelines For 
Determining Flood Flow Frequency", revised September, 1981. . . 

(a) This technique may only be used If data from a gaging station In the basln Is available for a 
period of not less than ten years. 

(b) if the dHference !n the drainage area:on the stream at the study site and the drainage area to a 
gaging statlon on the stream at a different location In the same basin Is less than or equal to 
50 percent, the flow at the study site shall be determined by transferrinq the calculated flow at 
the gage to the study site uslng a drainage area ratio taken to the "0.86 "power by uslng the , 

following equations. ' , Q = ' QG (%s/A,)O.BB 

, . Where: Q,, = Estimated flow for the given' return frequency on the stream at the 
study site. 

Q, ' = Flow for the given return frequency on the stream at the gage site. 
I 

A,, = Drainage area tributary to the stream at the study site. I 

A, = Drainage area iributary to the stream at the gage,site. 
. . 

'per U.S.G.S, CUMMINGS, ET.AL. . . 
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(c) If the difference in the drainage area at the study site and the drainage area at a gaging 
station in the basin is more than 50 percent and a basin plan has not been prepared, the 
techniques described In paragraphs (3) below shall be used to determine a weighted value of 

, the flow at the. study site. 

(d) In all cases where dams or reservoirs, floodplain development, or land use upstream may have 
altered the storage capacity or runoff characteristics of the basin so as to affect the validity of 
this technique, the synthetic hydrograph technique described below shail be used for the 
determination of the flows at the study site. 

(3) The third technique. uses synthetic hydrographs which consist of event hydrographs that are 
combined and routed through the basin to the downstream end of the study area; using the 
methods described in Chapter 3. The model shall be calibrated to historic rainfall events where 
rainfall data and flood elevations are available. 

Hydraulic Analysis (determination of the flood elevations) 

(1) Reconnaissance. The applicant's pr~fessional civil engineer is responsible for the collection of all 
existing data with regard to fiooding in the study area. This shali Include a literature search of all 
published reports in the study area and adjacent communities and an information search to obtain 
all unpublishd information on flooding in the immediate and adjacent areas from federal, state, and 
local units of government. This information shall include spectfic information on past flooding In the 
area, drainage structures such as bridges and culverts that affect flooding in the area, available 
topographic maps, vailabie communhy maps, photographs of past flood events, and general "I flooding problems w thin the community. A field reconnaissance shali be made by the applicant's 
professional civil engineer to determine hydraulic conditions of the study area, including type and 
number of structures, locations of cross-sections, and other parameters including roughness values 
which are necessary for the hydraulic analysis. 

(2) Base data. Cross-sections to be used for the hydraulic analysis shall be obtained by surveying, or 
topographic information obtained from aerial photographs may be used in combination with 
surveyed cross-sections in hydraulic analysis. The elevation datum of all of the information to be 
used in the hydraulic model shail be verified. All information used shall be referenced directly to 
KCAS Datum unless the elevation datum is othe~lise approved by the SWM Division. 

(3) Methodology. Flood profiles and floodway studies shall be calculated by uslng the U.S. Army Corps 
of Engineers' HEC-2 computer model. 

(4) Fioodway determlnatlon. King County recognizes two distinct floodway definitions. The Federal 
Emergency Management Agency (FEMA) floodway describes the limit to which encroachment into 
the natural conveyance channel can cause one foot or less rise in water surface elevation. The zero- 
rise floodway is based upon the limit to which encroachment can occur without detectable water 
surface elevation:or energy grade line changes. 

a. Fema floodways are determined through the procedures outlined in the FEMA publication 
"Guidelines and Specifications for Study Contractors" using the 1-foot maximum allowable rise 
criteria. 

b. Transitions shail take into account obstructions to flow such as'road approach grades, 
bridges, piers, or other restrictions. General guidelines for transitions may be found in "HEC- 
2", Water Surface Profiles-Users Manual, Appendix IV, Application of HEC-2 Bridge Routines," 
published by ,the Hydrologic Engineering Center, Davis, CA. 

c. Zero-rise floodways are assumed to include the entire 100-year floodplain until King County 
approves a detailed study which defines a zero-rise floodway. 
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,d. Zero-rlse means no detectable change In water surface elevation or energy grade line. For 
changes between the unencloached condition and encroachment to the zero-rlse floodway, 

, HEC-2 must report 0.00 as both the change In water surface elevatlon (DIFWSP) and the 
change In energy grade (DIFEG). HEC-2 must further report the exact same elevations for 
both conditions as the computed water surface. (CWSEL) and energy grade (EG). 

e. ' Floodway studlea must reflect the transitlons mentioned In requirement (b) above. Roodway 
boundaries are to follow stream lines, 'and should reasonably balance the rlghts of property 
owners on either side of the floodway. Use of the automatlc equal conveyance encroachment 
optlons In the HEC-2 program will be considered equitable. For zerq-rise floodway studies, or 

- . ., .. . where HEC-2 automatic options are otherwise not appropriate, the floodway must be placed 
to' mlnimlze the top width of the floodway. 

f. Floodway studies submitted for King county review must Include the HEC-2 output summary 
tables called by: 

The J3 output variables Include the following: 

38 SECND: Cross sectlon klentlfl~tlon number which identlfles the location of all other 
data in the table row. 

43 Q: Steady-state flow past cross section In cfs. 
1 CWSEL: Computed water surface elevation at cross section. 
3 EG: Energy grade at cross section. f 

50 DIFWSP: Difference between two proflles' water surface elevatlon at one cross section 
(e.g., difference between natural and encroached water surface). 

61 DIFEG: Difference between two profiles' energy grade at one cross section. 
53 SSTA: Starting station where water surface Intersects the ground (leftmost edge of 

floodplain). 
27 STENCL: Statlon of encroachment left of the channd. 
21 STCHL: Statlon of channel's left bank. 
22 STCHR: Statlon of channel's right bank. 
58 STENCR: Statlon of encroachment right of the channel. 
54 ENDST: Ending station where the water surface intersects the ground (rightmost edge 

of floodplaln). 
11OHEC-2 standard encroachment data table. 
150HEC-2 standard summary (two thbles). 

(5) Prevlous floodplaln studies. If differences exlst between a study previously approved by the SWM 
Division and the applicant's professional civil engineer's calculated hydraulic floodways or flood 
profiles, the appllcant's professlonal civil engineer shall provide JustMcation and obtain approval for 
these differences from the SWM Dlvislon. 

(6) Calculatlon of the flow profile. The flow profile and changes to that profile caused by development 
In the floodplaln, as determined by the hydraulic model, shall be calculated to the nearest 0.01 foot. 

(7) Adequacy of the hydraullc model. The follpwlng factors shall be considered by SWM to determine 
the,adequacy of the.hydraulic model 'and flow profiles. 

(a) Cross-sectlon spaclng. 

(b) Differences In energy grade. 
Note: Significant differences in the energy grade from cross-section to cross-section are an 
lndicatlon that cross-sections should: be more closely spaced or that ottier lnaccuracles exlst 
In the hydraullc model. 
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(c) Methods for analyzing the hydraulics of structures such as brldges and culverts. 

(d) Lack of flow continuity. 

(e) Use of gradually-varied flow model. 
Note: in certain circumstances, rapidly-varied flow techniques shall be used in combination 
with a gradually-varied flow model such as weir flow over a levee or dike, flow through the 
spillway of a dam, or special appllcatlons of bridge flow. 

(f) Manning's "nu values. 

(g) Callbration of the hydraulic model with past flood events. 

(h) Speclal applications. In some cases, HECP alone may not be sufficient for preparing the 
floodplain/floodway analysts. This may occur where sediment transport, twodlmensional flow, 
or other unique hydraulic circumstances affect the accuracy of the HEC-2 hydraulic model. In 
these cases, the applicant shall obtain SWM Dlvlsion approval of other methods proposed for 
establishing the water surface profiles. 

FIGURE 4.3.8A DATUM CORRELATIONS TO K.C.A.S. 

SEATTLE AREA TIDE TABLES .. 

M 1929 (SLD 
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4.4 RETENTION/DETENTION FACILITY ANALYSIS AND DESIGN 

4.4.1 OVERVIEW 

Retention/Detention (RID) facilities, by design, provide temporary storage for increased surface water 
runoff resulting from development. Properly designed R/D facilities will release surface water at or below 
the naturally occurring runoff rate by temporarily storing the runoff for speciflc design storm events. 

By definition, a detention faclllty temporarily stores water as opposed to retention, which suggests 
permanent storage. The two terms are used separately by King County In recognition of their functions for 
the management of surface water. lnflitration systems and closed depresslons functlon 'more as retention 
facllltles, whlle open ponds, tanks, and vaults perform more like W n t i o n  facllitles. However, they all. 
eventually release their stored water, either directly downstream, or by Infiltration or evapotransplratlon. 

' 

In addition to runoff control, R/D facilities, if propefly designed, can also provide valuable water quallty 
enhancement to surface water runoff. Detention of small storms is particularly effective for the removal of 
pollutants in urban stormwater by gravity sedimentation. Inflltratlon, biofiltration, and nutrient reduction 
from biological activity In open pond RID facllltles aiso Improve the water quality in runoff from developed ' 
areas. 

4.4.2 DESIGN STANDARDS AND CRITERIA 

This section provldes the deslgn englneer with standards and criteria for the deslgn of RID facllitles to 
control surface water flow to reduce erosion and spdimentatlon, and to provide water quality protection. 

Analysis 

Ail R/D facilities shall be analyzed uslng the hydrograph methods and routing procedures described In ,. 
Chapter 3. R/D facility design must take into consideration overflows and secondary overflow. Overflows 
Include ail facilities designed to bypass flows over or around the restrictor system. Overflow may result . 

from higher intensity or longer .duration storms than the deslgn storm or result from plugged orifices or 
inadequate storage due to sediment buildup In the faclllty. 

Secondary overflow occurs when the capacities of ail'conveyance faclllties, and all overflow facilities are i 
exceeded or are, not functioning. In such instances, stormwater will often exit the conveyance system 
through catch basin grates and flow down the corridor of least resistance, whether that corridor be streets;, 
yards, or overland. Careful consideration must be given to the impact of secondary overflows on public 
health, safety and welfare, property and wiidllfe habitat. When secondary overflow occurs, secondary 
dralnage facilltles designed following careful analysis and planning can significantly reduce Impacts. Street 
alignments and grades are the key components in developing secondary dralnage deslgn, and 
consideration should be given early in the planning stages to their use as secondary overflow facllitles. 

R/D system site selection should consider both the natural topography of the area and property 
boundaries. Aesthetic and water quality considerations may also dictate locations. For example, ponds 
with wetland vegetatlon like cattails and bull rush, may fit the environment of a low denslty resldential 
development, and due to water quality benefits, would also be appropriate for a hlgh density resldentlal or 
commercial development. 

4.4.3 SITE CONSTRAINTS 

site constraints are any man-made restrictions like property lines, easements, structures, etc. that Impose 
constraints on development. Constraints may also be imposed from features such as required by 
the Sensitive Areas Ordinance and Rules and these should aiso be reviewed for specific appiicatlon to the 
proposed development. Man-made site constraints are as follows: 

o Open R/D ponds shall not be located In dedicated public road right-of-way areas. 
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o All RID faciilties not located in King County right-of-way to be maintained by King county shall be in 
a tract dedicated to King County. Any tract not abutting public right-of-way will require a 15' wide 
extension of the tract for access to the R/D facility (see Section 1.2.6, Chapter 1). 

4.4.4 PONDS 

Open pond design for R/D facilities is the most desirable method for controlling runoff from developed 
areas. King County requires "dry pondn designs for most development. However, multi-purpose ponds 
that include "wetpond and "infiltration" pond features may also be used In conformance with the following 
criteria: 

Design Criterla 

Ca~acitvIDischarqg Volume and restrictor analysis shall be In accordance with performance and 
hydrograph routing requirements given in Chapter 3. Restrictor orHice structure design shall be per 
Section 4.4.7. Note that the design water surface elevation is the highest elevation which occurs in order 
to achieve the required discharge performance for the pond. 

 geometric^: Minimum length to width ratio of the pond design water surface shail be 2:1 in order to 
enhance water quality benefits. Longer lengths allow more travel time and opportunity for low-flow 
infiltration, bioflltration, and sedimentation. The pond inlet and outlet shall therefore be located as far apart 
as possible in the pond to maximize these mechanisms. 

o Ponds must be designed as "flow-through facilities (no back-up ponds) with two sequential "cells" 
approximately dividing the detention volume equally between the cells. 

o interior side slopes up to the maximum water surface shall be no steeper than 3H:lV unless a fence 
is provided on the slope at the maximum water surface or higher on the' slope. 

o Exterior side slopes shail be not steeper than 2H:lV. Unless analyzed for stability by a geotechnical 
engineer. 

o The pond bottom shall be level to facilitate sedimentation, and the pond bottom area shall be 
located 0.5 feet below the inlet and outlet to provide dead storage for sediment. 

o Pond wails may be retaining walls, provided that the design is prepared and stamped by a structural 
engineer registered in the State of Washington, that they are constructed of reinforced concrete per 
Section 4.4.6, that a fence is provided along the top of the wail, and that at least 25% of the pond 
pertmeter will be a vegetated soil slope of not greater than 3H:lV. 

Overflow: A pond overflow system must provide controlled discharge of the 100-year, 24-hour design 
storm event for developed site conditions without overtopping any part of the pond embankment or 
exceeding the capacity of the emergency spillway. The design must provide controlled discharge directly 
into the downstream conveyance system. This assumes the pond will be full due to plugged controi 
structure inflow pipe and/or plugged restrictor/orifices conditions. 

o Open Type 2 catch basins can function as weirs (see Figure 4.4.4C) when used as pond overflow 
structures to control overtopping. The overflow structure as shown in Figure 4.4.4E may be required 
in some circumstances to protect embankments from overtopping. 

Emeraencv Overflow S~illway: In addition to the above overflow requirements, an emergency overflow 
spillway (secondary overflow) must be provided to safeiy pass the 100-year, 24-hour design storm event 
(for developed site conditions and assuming the pond is full to the crest of the spillway) over the pond 
embankment in the event of controi structure failure or for storm/runoff events exceeding design. The 
spillway must be located to direct overflows safely towards the downstream conveyance system and shall 
be located in existing soiimwherever feasible. The emergency overflow spillway shall be armored with rip 
rap in conformance with Table 4.3.6A and shall extend to the toe of each face of the berm embankment. 
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o Design of emergency overflow splllways require the analysis of a broadcrested trapezoidal welr. 
The followlng welr section Is required for, the emergency overflow splllway: . 

FIGURE 4.4.4A WEIR SECTION FOR EMERGENCY .OVERFLOW SPILLWAY 

o The emergency overflow splllway welr section shall be deslgned to pass the 100-year, 24-hour 
deslgn storm event for developed conditlons as follows: 

For this welr, Q,, = C (2g)1.12(2/3~~3/2 + 8/15 Tanb~ ' /~ )  

using C = 0.6' (discharge coefficient); . 
Tan = 3 (for 3:1 slopes); 

= 72'; 

The equatlon becomes: Q,, = 3.21 (LH=/' + 2;4HsI2) 

To find width L, the equatlon is rearranged to use the computed Q,, (peak flow for the 100-year, 24- 
hour deslgn storm) and trial values of H (0.2'feet minimum). 

L = (Q,,/(3.21 H3I2)) - (2.4H ); 6 feet mlnlmum 

Pccess/Malntenanc~: Pond access tracts and roads are requlred when ponds do not abut publlc right-of- 
way. Road(s) shall provide access to the control structure and along side(s) of the pond'as necessary for 
vehicular maintenance. For ponds with bottom widths of 15 feet or more, the access road shall extend to 
the pond bottom and an access pad provlded to facilitate cleaning. For ponds less than 15 feet In wldth, 
an access road must extend along one slde. 

o Roads and . pads , shall meet the followlng criteria: 

- Maximum Grade: 15% to control structure, 20% Into pond.' - Provide 40' mlnlmum outside turning radius on the access road to the control structure and 
the turnaround to the pond bottom. - Fence gates shall be provlded for access roads at straight sectlons of road.' 

' - Access roads shall be 15' In width on curves and 12' on stralght sections. - Access pads shall be 15' In width and 25'- In length. , .  

o Manhole and catch basin lids must be at either edge of an access road or pad and be at least three 
feet from a property line. 

o Access shall be llmlted by a double-posted gate if a fence Is required or by bdlards. Bollards shall 
consist of two fixed bollards on each slde of the access road and two removable bollards equally . , ,  
located between the fixed bollards. 

o Access roadsand pads shall be constructed by utlllzlng one of the followlng techniques: 
. . 
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- Construct an asphalt surface meeting the same standard as King County residential minor 
access streets. - Construct a gravel surface road meeting the King County Roads Standards for crushed 
surfacing base course or better. 

- Construct a landscape block surface by removing all unsuitable material, laying a 
geotextile fabric over the native soil, placing landscape blocks (24"x 24"x 6"). filling the 
honeycombs with soil particles, and planting grass. 

Berm E m b a n k ~ S l o a e  Stabiliza-: Pond berm embankments higher than 6-feet shall require 
design by a geotechnical-civil engineer licensed in the State of Washington. The berm 
embankment shall have a minimum 15-foot top width where necessary for maintenance access; 
otherwise, top width may vary as'recommended by the geotechnical-civil engineer. 

o A berm dividing the pond into cells shall have a 5' minimum top width, a top elevation set one 
foot lower than the design water surface, maximum 3:1 side slopes, and a quarry spall and 
gravel filter "window" between the cells (see Figure 4.4.4F). 

o For berm embankments 6 feet, or less than (including 1 -foot freeboard), the minimum top width 
shall be 6 feet or as recommended by the geotechnical-civil engineer. 

o The toe of the exterior slope of pond berm embankment must be no closer than 5 feet from the 
tract or easement property line. 

o Pond berm embankment must be constructed on native consolidated soil (or adequately 
compacted and stable fill soils analyzed by a geotechnical report) free of loose surface soil 
materials, roots and other organic debris. 

o Pond berm embankments must be constructed by excavating a "key" equal to 50% of the 
berm embankment cross-sectional heighth and width (except on till soils where the "key" 
minimum depth can be reduced to 1 foot of excavation into the till). 

o The berm embankment shall be constructed of compacted soil (95% minimum dry density, 
modified proctor method per ASTM 0-1 5571, placed in 6" lifts, with the following soil 
characteristics per the United States Department of Agriculture's Textural Triangle: a minimum 
of 20% silt and clay, a maximum of 60% sand, a maximum of 60% silt, with nominal gravel 
and cobble content (note, in general, excavated glacial till will be well-suited for berm 
embankment material). 

o Anti-seepage collars must be placed on outflow pipes in berm embankments impounding water 
greater than 8 feet in depth at the design water surface. 

o Exposed earth'on the pond bottom and side slopes shall be sodded or seeded with appropriate 
seed mixture (see Section 5.4.2.4). Establishment of protective. vegetative cover shall be 
ensured with mulch (Section 5.4.2.1 and/or an erosion control netting or blanket (Section 
5.4.2.2) as required. 

Fencinn: A chain link fence is required to be constructed at the maximum water surface elevation, 
or higher, when a pond slope is a wall or if the slope exceeds 3H:lV. 

o The fence shall completely enclose the facility and be a minimum of 6 feet in height. 

Exception: The fence may be a minimum of 4 feet in height if the depth of the impoundment 
(measured from the lowest elevation in the bottom of the impoundment, directly adjacent to 
the bottom of the fenced slope, up to the maximum water surface) is 4 feet or less. 

o Access road gates shall be 16 feet in width consisting of two swinging sections 8 feet in 
width. 
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o Pedestrian access gates (if needed) shall be 4 feet in width. 

o Fence material shall be No. .11. gauge galvanized steel fabric with bonded vinyl coating. Vinyl 
coating shall be compatible with the surrounding environment (e.g., green in open, grassy areas 
and black or brown in wooded areas). 

o Fence posts shall be galvanized steel, with top caps, and set a minimum of 2 feet deep in 
concrete filled post hole. Corner and gate posts shall be set a minimum of 3 feet deep in 
concrete. Cross bars shall connect adjacent fence posts. 

o All posts, cross bar, and gates shall be painted or coated the same color as the vinyl clad fence 
fabric. 

Sianaas: 

All permanent RID ponds, infiltration ponds end wetponds, shall have signs placed so that at least 
one is clearly visible and legible from all adjacent streets, sidewalks or paths. , . 

o The signs shall meet the design and installation requirements illustrated in Figure 4.4.40. 

Details 
- .  

Standard details are shown in Figures 4.4.46 through G. Control structure details are shown in 
Section 4.4.7. 
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FIGURE 4.4.43 TYPICAL DETENTION POND 
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FIGURE 4.4.4C TYPICAL DETENTION POND SECTIONS 
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FIGURE 4.4.41) DETENTION POND WITH VEGETATION-LINED SWALE . . 
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FIGURE 4.4.4E OVERFLOW STRUCTURE 
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FIGURE 4.4.4F QUARRY SPALL AND GRAVEL FILTER "WINDOW" 

Top of Berm 
dividing pond 3 
into two cells 

.r Elevation is one foot 
below 10 yrear-24 hour 
design water surface 
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FIGURE 4.4.4G PERMANENT SURFACE WATER CONTROL POND SIGN 

48" 

his SURFACE WATER CONTROL POND 

please call the Surface Water Management 
Division at 296 - 8100: 

DEPARTMENT of PUBLIC WORKS 

Specifications 
Size: .48"' by 24. 
Material: Grade "6" or better exterior plywood. 
Paint: Face 3 coats outdoor enamel [sprayed]. 

Back - 1 coat outdoor enamel[sprayed]. 
Lettering: Silk screen enamel where possible, or hand-painted enamels. 
Colors: Black and White. White background, lettering and border in black. 
Type face: ~elvetica. 1-112" tall with 718" spacing between letters and outer border. 

Outer border 114" width. 
Installation: Secured to chain link fence if available, otherwise install on two 8 foot long 4" x 4" 

posts; pressure treated, installed in 3 foot deep concrete filled pgst holes (8" mln. dia.). 
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4.4.5 TANKS 

Section 1,.2.3 contains the definition of detention tanks and the limitations on their use. 

Design Criteria For Tanks 

Canam-: Volume/outflow analysis shall be in accordance with the performance 
requirements in Chapter 1 and the hydrograph methods in Chapter 3. Restrictorlorifice structure 
design shall be per Section 4.4.7. 

- The minimum pipe size allowed for a detention tank is 36" dia. 

Materiak: Pipe material, joints, and protective treatment for tanks shall be in accordance with 
WSDOTIAPWA Standard Specifications Section 9.05, as modified by the County General Special 
Provisions, and AASHTO designations as noted below: - Galvanized, corrugated iron or steel pipe and pipe arch, Treatment 1 through 6 - Aluminized Type 2 corrugated steel pipe and pipe arch (meets AASHTO designations M274 and 

M36) - Galvanized steel spiral rib pipe, Treatment 1 through 6 
- Aluminum spiral rib pipe - Corrugated aluminum pipe and pipe arch - Galvanized structural plate pipe and pipe arch, Treatment 1 through 6 
- Reinforced concrete pipe - Corrugated high density polyethylene pipe (CPEP) - Smooth interior - Concrete vaults (see Section 4.4.6). 

'Structural Stability: All tanks shall meet structural requirements for overburden support and traffic 
loading if appropriate. HS-20 live loads must be accommodated for tanks lying under roadways or 
parking areas. Metal tank end plates must be designed for structural stability at maximum 
hydrostatic loading conditions. Flat end plates generally require thicker gage material than the pipe 
and/or require reinforcing ribs. Tanks shall be placed on stable, well consolidated native material 
with a suitable bedding. Tanks shall not be allowed in fill slopes, unless analyzed in a geotechnical 
report for stability and construction practices. 

Buovanw: In moderately pervious soils where seasonal groundwater may induce flotation, 
buoyancy tendencies must be balanced by ballasting with either backfill or concrete backfill, 
providing concrete anchors, by increasing the total weight, or by providing subsurface drains to 
permanently'lower the.groundwater table. Calculations must be submitted which demonstrate 
stabilitv. 

Water Quality: Inflow shall enter through a sump (Type 2CB) that is connected to the detention 
tank by not greater than 2 feet of 36-inch minimum diameter pipe. The detention tank bottom 
shall be located 0.5 feet below the inlet and outlet to provide dead storage for sediment. Tank 
design shall be "flow-through" (see Figure 4.4.58) with CBts in line to maximize water quality 
function and facilitate maintenance unless physically infeasible. 

Minimum Access Reauirement~: The maximum depth to a tank invert shall be 20 feet. Spacing 
between access openings for tanks shall not exceed 100 feet. 36-inch minimum diameter CMP 
riser-type manholes of the same gage as the tank material per Figure 4.4.5A and B may be used for 
access along the length of the tank and at the upstream terminus of the tank if the tank is 
designed with a common inletloutlet so that it is a backup system rather than a flow through 
system. Note, Figure 4-4-58 is not allowed for use in roadways, driveways, parking stalls, or 
anywhere it would be subjected to vehicular loads. All tank access openings must be readily 
accessible by maintenance vehicles. 

Access Roadg: Access roads are required to all detention tank control structures and risers. The 
access roads shall meet the requirements for access roads described in Section 4.4.4. 

Lackina Lids: All tank access openings shall have round, solid, locking lids using 112" diameter 
allen head screw locks (see KCRS Dwg, No. 49). 
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Control S t r u c t m :  Outflow control structures are described in Section 4.4.7. 

Note, control and access manholes shall have additional ladder rungs to allow ready access to all 
tank access pipes when catch is filled with water. 

Details 

Standard tank details are shown in Figures 4.4.5A and B. Control structure details'are shown in 
Section 4.4.7. 
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FIGURE 4.4.5A TYPICAL DETENTION TANK 

Optional Parallel Tank f 
Access Risers 

(maw spacing shown below) 

t 
through System 

. 
Control Stru ture 

, !he Sartion{4.7 Access 'Riser 
8.0 Flguro4 .r.68 

Plan View 
NO SCALE 

"Flow Back Up" System Show 
@tionel Designs lor **Flow'~rough" System end 

P8rallel Tanks Show Dashed 

C Control Structure 
lFROP. T shown) 
min. 64" dia.. Type 2 CB 
See Sectionf.4.7 

Section A-A 
NO SCALE 

NOTE: All metal pans corrosion resistant Steel pans galvanized 
and asphalt coated (Treatment I or better) 

Req'd for 
Flow Through 
System only 
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FIGURE 4.4.58 DETENTION TANK ACCESS DETAIL 
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4.4.6 VAULTS 

Section 1.2.3 contains the definition of vaults and the limitations on their use. 

Design Criteria 

CapacitvIDischara~: Volumeloutflow analysis shall be in accordance with the performance 
requirements in Chapter 1 and the hydrograph methods in Chapter 3. Restrictorlorifice structure 
design shall be per Section 4.4.7. 

u ter i& :  Minimum 3000 psi structural reinforced concrete. All construction joints must be 
provided with water stops. Pre-cast vaults shall be designed by a structural engineer. 

Structural Stability: All vaults shall meet structural requirements for overburden support and HS-20 
traffic loading. Cast-in-place wall sections shall be designed as retaining walls. All structural 
designs shall be stamped by a structural engineer licensed in the State of Washington. Structural 
designs for cast-in-place vaults require a separate commercial building permit issued by the BALD 
Division. Vaults shall be placed on stable, well consolidated native material with suitable bedding. 
Vaults shall not be allowed in fill slopes, unless analyzed in a geotechnical report for stability and 
construction practices. 

Water Qualigy: Vault design shall be "flow-through" to maximize water quality function and 
facilitate maintenance. The vault bottom shall be located 0.5 feet below the inlet and outlet to 
provide dead storage for sediment. Vaults must be designed to provide approximately half the 
volume between the cells divided by a baffle wall. The top of the baffle wall must be set 1 foot 
below the design water surface elevation and have a minimum 6" wide slot or pipe orifice cast into 
the wall that must pass, at a minimum, the developed flow for the 2-year, 24-hour design storm 
with the invert of the slot or orifice set 6" above the bottom of the vault. 

Minimum Access Reauiramentq: Provide one access cover per 50 feet of length or width and at 
least 1 access cover with ladder to the bottom of the vault per cell if vault is divided into cells. 
The minimum internal height shall be 7 feet and the minimum width shall be 4 feet. (Note, 
concrete vaults may be minimum 3 feet in heighth and width if used as tanks with access 
manholes at each end.). The maximum depth to the vault invert shall be 20 feet. 

Access Road$: Access roads are required to at least one access cover for each cell. The access 
roads shall meet the requirements for access roads described in section 4.4.4. 

Cockina Lids: All vault access openings shall have round, solid;locking lids using 112" diameter 
allen head screw locks (see KCRS Dwg. No. 49). 

A standard vault detail is shown in Figure 4.4.6A. Control structure details are shown in Section 
4.4.7. 



FIGURE 4.4.6A TYPICAL-DETENTION VAULT 
,. 
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4.4.7 CONTROL STRUCTURES 

Control structures are catch basins with a restrictor device for controlling outflow from a facility to meet the 
deslred performance. They also provide some function as an oil-water separator for control of petroleum- 
based pollutants and floatables. Oil-water separation measures are requlred for control of storms up to 
and Including the 10-year design storm. Storm flows above the 10-year may be released without oil-water 
separation provided performance requirements are met (see Figure 4.4.7E). 

The restrictor devlce Is usually a multiple orifice, consisting of two (or more) orifices and a welr section 
sized and located to meet performance. 

Design Criteria 

Muiti~le Orifices: A maximum of 5 orifices may be used to meet performance requirements. 

In most cases, only 2 orifices are necessary to meet the 2, 10, 100 year performance requirement: one at 
the bottom .and one near the top of the riser, although additional orifices may best utilize detention storage 
volume. 

Several orifices may be located at the same elevation if necessary to meet performance. 

Minimum orifice diameter is 0.5 inches. 

Oriflces may be constructed on a "Tee" section as shown in Figure 4.4.76 or on a baffle shown in Figure 
4.4.7H. 

In some cases, performance requirements may require the top orifice/elbow to be located too high on the 
riser to physically construct (e.g., a 13-Inchdiameter orifice positioned 0.5 feet from top of riser). In these 
cases, a notch welr in the rlser plpe may be used to meet performance as described below. 

Riser and Weir Restrictor: Properly designed welrs may be used as flow restrictors (see Figures 4.4.78, C, 
D and I). However, they must be sized to pass the developed peak flow for the 100-year, 24-hour design 
storm for developed site conditions. 

If the notch welr flow is below the 10-year, 24-hour design storm flow, oil/water separation is required (see 
Figure 4.4.7F). 

Riser (or weir) overflow may be utilized for that portion of the release rates above the 10-year, 24-hour 
design storm flow, provided the combined orifice and overflow do not exceed performance requirements 
(see Figure 4.4.7E). Figure 4.4.7J can be used to calculate the head In feet above a riser of given 
diameter and for a given flow (usually the 100-year, 24-hour design storm flow for developed conditions). 

Access to Control Structure: A 15-foot-wide access road to the control structure is required for inspection 
and rnalntenance. 

o ~anhole/&tch basin lids for control structures shall be "locking" and rim elevation shall match 
proposed finish grade. 

Methods of Analysis 

Retentlon/Detention storage volume and discharge rates shall be in 'accordance with the performance 
requirements described in Section 1.2.3, Chapter 1, and the hydrologic methods described In Chapter 3. 

Flow analysis of oriflces and weirs may be done using the following methods: 

Oriflceq: Flow-through orifice plates in the Standard "Tee" Section or turndown elbow may be 
g ~ ~ r o x i m a t e ~  by the general equation: 

Q = CA .&$i cfs 
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A = area of orifice, ft2 where 
C = 0.62, coefficient of discharge (for plate orifice) 
h = hydraulic head in feet 
g P 32.2 ft/sec2 

Figure 4.4.7A illustrates this simplified application of the orifice equation. Note the rigorous 
equation for computing flow. 

FIGURE 4.4.7A SMPLE ORIFICE 

- c ~ ( A ~ &  + &Alm( 

h, 0 dletanoe from hydraulic grade line 
at the 2 ear now of the o u ~ o w  
plpd to d e  overflow elevatbn 

The diameter of the orifice is calculated from the flow. The orifice equati0n.i~ often useful when . 
expressed as the orifice diameter in inches: 

where h = hydraulic head (in feet). 
Q = '  flow in cubic feet per second. 

Pectanaular. Shar~ Crested Weic: The notch weir design shown in Figure 4.4.70 may be analyzed 
using standard weir equations for the fully contracted condition. I 

FIGURE 4.4.7B NOTCH WEIR 

where C = 3.27 + 0.40 HIP (in .feet): 
L = Length of the portion of the riser circumference as necessary (in feet), 

not to exceed 50% of the circumference. 
H&P as shown above 
D = Inside riser diameter. 

Note that to account for side contractions, subtract 0.1 H from L for each side of the notch weir. 
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Pro~ortional or Sutro Weir: This weir is designed so that the discharge is proportional to the total 
head. This design may be useful in some cases to meet required performance. 

The Sutro Weir consists of a rectangular section joined to a curved portion which provides 
proportionality for all heads above the line A-B (see Figure 4.4.7C)' 

FIGURE 4.4.7C SUTRO WEIR 

For this type of weir, the curved portion is defined by the equation (calculated in radians]: 

and the head-discharge relationship is: 

Q = C, bJ2ga (h, - al3) 

Values of C, for both symmetrical and non-symmetrical Sutro Weirs are summarized below in 
Table 4.4.7C: 
(Note that when b > 1.50 or a > 0.30 use C, = 0.6.) 



K I N G  C O U N T Y ,  W A S H I N G T O N ,  S U R F A C E  W A T E R  D E S I G N  M A N U A L  

TABLE 4.4.7C VALUES OF C, FOR SUTRO WEIRS 

C, Values, Symmetrical 

a,Ft 

0.02 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 . 

b, Ft 

0.50 0.75 1 .O 1.25 1 .SO 

0.608 0.613 0.61 7 0.61 85 0.61 9 
0.606 0.61 1 0.615 0.61 7 0.61 75 
0.603 0.608 0.612 0.6135 0.61 4 
0.601 0.6055 0.61 0 0.61 15 0.612 . 
0.599 0.604 0.608 0.6095, 0.61 0 
0.598 0.6025 0.6065 . 0.608 0.6085 
0.597 0.602 0.606 0.6075 0.608 

C, Values, Non-Symmetrlcal 

a,Ft 

0.02 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 . 

b, Ft 

0.50 0.75 1 .O 1.25 1 .SO 

0.61 4 0.61 9 0.623 0.6245 0.625 , 

0.61 2 0,617 0.621 0.623' 0.6235 
0.609 0.61 4 0.618 0.61 95 0.620 
0.607 0.61 15 0.616 0.61 75 0.61 8 
0.605 0.61 0 0.61 4 0.6155 0.61 6 
0.604 0.6085 0.61 25 0.614 0.6145 
0.603 0.608 . 0.612 0.6135 0.614 
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V-Notch, Sharp Crested Weir: V-Notch weirs, as shown in Figure 4.4.70, may be analyzed using 
standard equations for the fully contracted condition. 

FIGURE - 4.4.7D V-NOTCH, SHARP CRESTED WEIR 

A +-J Section A-A 

Where values of C, may be taken from the following chart: 

0 = C, (Tan 8/21H6'2,in cfs 

D_et;ails 

Standard control structure details are shown in Figures 4.4.7E through I. 
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FIGURE 4.4.7E REQUIREMENTS FOR OIL/WATER SEPARATION WITH ORIFICE CONTROL 

- 
FIGURE 4.4.7F REQUIREMENTS FOR OIUWATER SEPARATION WITH NOTCH CONTROL 
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FIGURE 4.4.7G FLOW RESTRICTOWOIL POLLUTION CONTROL DEVICE (FROP-T) (TEE) 

~emovable Watertight 
Coupling or F h ~ q e  

Elbow -Restrictor 

,, NOSCALE NO SCALE 

1. u s €   MI^. 4'' OIAO CATCH 
B A S I N  T y % E  1 

2. OUTLET CAPACIW: DEVELOPED 
DESIGN FLOW 

3. METAL PARTS: CORROSION Additional Ladder Rungs 
RESISTANT. OALVANIZED PIPE (in sets) to allow access 
PARTS TO HAVE ASPHALT 
TREATMENT 1. 

to Tanks or Vaults when 

4. FRAME L UDDER OR STEPS 
OFFSR SO: 
A CLEANOUT GATE IS VlS18LE 

FROM TOP. 
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FIGURE 4.4.75 RISER INFLOW CURVES 

Weir Flow - 
Orifice Flow ----- 

SOURCE: USDA-SCS 

Q in cfs, D and H in feet 
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4.5 INFILTRATION SYSTEM ANALYSIS AND DESIGN 

The specific requirements for the analysis and design of infiltration systems are dependent upon the 
type of facility. There are three basic types of infiltration systems allowed for use in  King County: 
Roof Downspout Systems, lnfiltration Tanks, and lnfiltration Ponds. In general, ponds are preferable 
to tanks because of the ease of maintenance and the water quality treatment that surface soil and 
vegetation provide. Alternative systems such as small infiltration basins and modular pavement are 
also allowed, but these methods have many limitations. Requirements for the design of the various 
types of infiltration systems are presented in the sections which follow. 

4.5.1 ROOF DOWNSPOUT INFILTRATION SYSTEMS 

All roof runoff from lots in new plats and short plats must be either infiltrated or dispersed, or stub- 
outs to the plat drainage system must be provided. Where lots are less than 22,000 square feet and 
infiltration is feasible, infiltration is required either on the individual lot or within the plat. If infiltration 
is not feasible and the dispersion criteria are met, dispersion is allowed (see Section 4.5.6). If 
infiltration or dispersion is not used, stub-outs shall be provided to connect the roof drains to the plat 
drainage system. Connections to the stubsuts shall be perforated connections, as described in 
4.5.6. 

Roof downspout infiltration systems are infiltration trench systems intended only for use in infiltrating 
runoff from roof downspout drains. They are not designed to directly infiltrate any surface water that 
could transport sediment or pollutants such as from paved areas. Roof downspout systems are 
required in proposed plats and short plats where there is at least 3 feet of pervious soil above the 
water table and minimum lot size requirements are met, as detailed below. Where downspout 
infiltration is used, the roof area which is infiltrated need not be included in the impervious area used 
to calculate the RID facility size. 

o A single roof downspout infiltration system can serve up to 5,000 square feet of roof area (AR, 
described below). 

o Not allowed on slopes greater than 25% (4:l). 

o Not allowed in fill materials except in engineered sand and gravel fill, otherwise must be native 
soil. The placement of the engineered fill must be observed by a qualified representative of a 
licensed engineer, a geologist or soil scientist, and have a measured infiltration rate of not less 
than 3 inches per hour. Systems in engineered fill shall be designed using the fine sand criteria in 
Table 4.1.58. lnfiltration rates shall be tested using the methods described in Section 4.5.2 

o Roof downspout systems should be located at least 30 feet from any water supply well. 

o Limited for use only in the SCS soil types listed in Table 4.5.1A. See Figure 4.5.1A for USDA 
Soil Texture Triangle. 

o Minimum lot size requirements shall be as shown in Table 4.5.1A. 

TABLE 4.5.1A MINIMUM LOT SIZES FOR USE WITH DOWNSPOUT INFILTRATION 

Soil Texture Class (U.S.D.A.) 

Coarse sand or Cobbles 

Medium sand 

Fine sand, loamy sand 

Sandy loam 

Loam 

Minimum Lot Size 

No min 

No min 

9600 ft2 

12,000 ft2 

15,000 ft2 

With Septic System 

1 acre* 

12,500 ft2* 

15,000 ft2* 

18,000 ft2* 

.5 acre 
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On lots >22,000 ft2, dispersion is required. Lots which are too small for infiltration 'systems shall 
either disperse the roof runoff (if the requirements in Section 4.5.6 are met) or tie into the proposed 
plat or short plat storm system. 

Typical minimum lot size allowed by Seattle-King County Health Department for gravity septic 
system in this soil type with 4 feet of original soil. Less than 4 feet of original pervious soil above 
maximum. water table either increases minimum lot size for gravity septic systems to 1 acre'for all the 
above soil types or else it requires the use of a pressure, mound or sand filter system. Coarse 
sandlgravel sites may be less than .5 acre with the use of a pressure, mound or sand filter system. 
Check with Seattle-King County Health Department for any changes or for specific site requirements. 

NOTE: Minimum lot size, required separation between infiltration and septic systems, and distances 
from water supply wells shall be in accordance with Seattle-King County Health Department 
requirements. 

Design Criteria 

o See Figure 4.5.1 B and Figure 4.5.1C for details. Figure 4.5.lC.applies to sites with coarse q n d  
and cobble.soils and is intended to provide additional water quality treatment in these coarse 
soils. 

o For roof downspout infiltration systems, a short report must be prepared by suitably trained 
persons working under the supervision of a licensed Professional Engineer or by a septic system 
designer licensed by King County, which includes a site sketch and soils logs. The approximate 
location of the proposed downspout infiltration system and septic system (if applicable) shall be 
shown on the approved plans. 

o A minimum of one soils log, minimum 4 fqet in depth, that dekribes the SCS series of the soil," 
. the textural class (as in Table 4.5.1A)'of the soil horizon through the depth of the log, and notes 

any evidence of high groundwater level, such as mottling, shall be obtained for each proposed , , 
roof downspout system location. Note, trench bottoms must be a minimum of 1 foot above 
seasonal high groundwater level or impervious soil layers. A minimum of 3 feet of pervious soil is 
required in roof infiltration areas. 

o Trenches may be located under pavement provided that a small yard drainlcatch basin with a 
grate cover is placed at the end of the trench pipe such that if the trench infiltration capacity is 
exceeded, the over?low would occur out of the catch basin at an elevation of at least one foot 
below that of any overlying pavement, and in a location which can accommodate the overflow. 
and meet the requirements of Section 1.2.1. 

o Minimum spacing between trench center lines shall be 6 feet. 

o All trenches shall be a minimum of 10 feet from any structure, property line, Native Growth . 4 

Protection Easement, Sensitive Area Tract or Sensitive Area Setback Area. Trench setbacks from 
septic systems shall be in accordance with Seattle-King County Health Department requirements. 
A trench can be located within 10 feet downslope of a structure foundation. Plot plan must 
show location of all of these features. A copy of the plot plan showing the downspout infiltration 
system and the other features shall be framed and mounted on a garage wall in the completed 
structure. : 

o All trenches shall be a minimum of 50 feet from any steep slope (as defined by the Sensitive 
Areas Ordinance and Rules). This setback may be reduced to 15 feet based on a geotechnical I. . - i  
engineering report but in no instances less than the buffer width. . 

o Trench length shall not exceed-i00 feet from the, inlet sump. 

o Each trench shall have one observation pipe, that extends to the bottom of the'trench, located at 
a point approximately halfway along the trench length. 

o Filter fabric shall .be placed over the drain rock prior t o  backfilling. 

o Infiltration areas shall be clearly marked. before site work begins to avoid disturbance of the soil 
during construction. No vehicle traffic shall be allowed within 10 feet of infiltration trench areas. 

,I r 
, . -. 
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o A licensed septic system designer or suitably trained person working under the supervision of a 
licensed Professional Engineer shall make an inspection of the soil after the system is excavated, 
before the trenches are filled with rock to confirm that suitable soils are present. 

Method of Analysls/Length of Roof Downspout lnflltratlon Trenches 

The length of trench required is based on the U.S.D.A. soil texture class, the roof area and the site 
location, using Table 4.5.18. The length of trench required is determined by dividing the roof area by 
1000 and multiplying by the unit length I from the chart for the soil type and multiplying the result by 
the regional scale factor k shown in Figure 4.5.1D. The trench length L is computed using the 
following equation: 

Where: 

A, = area of the roof tributary to the system, f?. (Note: a typical single-family residence has a 
roof area of approximately 2,000 ft2.) 

I = the unit length of trench required per 1,000 ft2 of roof area from Table 4.5.18, ft" 

k = the regional scale factor from Figure 4.5.1 D. 

Example: Proposed residence located at Kent East Hill 

Roof area (A,) = 2,000 square feet; Soil Texture Class = loamy sand; 

From Table 4.5.1 A, 60 ft trench11 000 ft2 of roof, from Figure 4.5.1 D k = 1.0 

L = (200011 0001(60)(1.0) = 120 ft 

(Note: could be accomplished by two .trenches). . 

TABLE 4.5.1 B INFILTRATION TRENCH LENGTHS FOR RESIDENTIAL ROOF DOWNSPOUT 
INFILTRATION SYSTEMS 

Soil Texture Class (U.S.D.A.) 

1. Coarse sands or Cobbles 

2. Medium sand 

3. Fine sand, loamy sand 

4. Sandy loam 

5. Loam 

Lineal Feet of Trench per 1000 
ft2 of Roof - Sea Tac 

15 

25 

60 

1 00 

150 

Lineal Feet of Trench 
per 1000 ft2 of Roof - 

Landsburg 

20 

30 

7 5 

125 

1 90 
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FIGURE 46.1A U.S.D.A. SOIL TEXTURE TRIANGLE 

Textural Triangle U.S.D.A. 

100% clay 

100% sand 100% silt 

- Percent SAND 
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FIGURE 43.18 ROOF DOWNSPOUT INFILTRATION SYSTEM 

PLAN VIEW 
NO SCALE 

I-- OBSERVATION PIPE A. R I E I ~  ..,,,, OR '6" FLEXIBLE 
PERFORATED PIPE 

I 
I 

SUMP 
INFILTRATION TRENCH W/SOLID LID 

PROFILE VIEW' 
NO SCALE 

OESERVATION PlPE 

1 

OBSERVATION PlPE 
r 4 - 6  W C  PERF PlPE 

COMPACT BACKFILL 

4" RIGID OR 6" FLEXIBLE 
PERFORATE0 PlPE 

WASHED ROCK 
1 1/2" -3/4" 

WRAP GRAVEL ENTIRELY 
WITH FILTER FABRIC 

SECTION A - 

NO SCALE 
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FIGURE 4J.lC ROOF DOWNSPOUT INFILTRATION SYSTEM FOR COARSE SAND AND GRAVEL 

OVERFLOW ' 

X-SECTION 
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4.6.2 REQUIREMENTS FOR TANKS AND PONDS 

The applicant must demonstrate through infiltration' testing, soil logs and the written opinion of .a 
qualified soils engineer that sufficient permeable soil exists on the site to allow a properly functioning 
infiltration system to be constructed. The basic requirement is a minimum of 3 feet of permeable soil 
below the bottom of the facility (bottom of pond or excavation for tank) at least 3 feet between the 
bottom of the'facility and the maximum wet season water table. Test pits or borings should extend at 
least 5 feet below the bottom of the infiltration facility and at least one test hole should reach the water 
table. If the'water table is very deep, the test hole need not extend more than one-fourth the maximum 
width of the pond below the bottom of a pond: or more than 5 feet below the bottom of a tank. If 
there is any question about the actual wet season water table elevation, measurements shall be made 
during the period when the water level in expected to be at a maximum. Any requirements related to 
steep slope or other sensitive area impacts should be addressed in the soil study. The engineer shall 
provide a report.stating whether, in the engineer's professional opinion, the site is suitable for the 
proposed infiltration facility, and shall recommend a design infiltration rate, as discussed below. 

Design Infiltration Rate 

Infiltration rate tests are required in order to  provide an estimate of the potential outflow rates for 
existing areas providing infiltration, such as closed depressions/wetlands and for proposed infiltration 
facilities. The maximum infiltration rates determined through these tests should not be faster than 
those shown in Table 4.5.2 for the given soil texture class. If they are faster, the rates shown in Table 
4.5.2 should be used rather than the measured 'rates. The design infiltration rate shall be determined by 
infiltration testing, soil logs, and other testing and analysis that the soils engineer deems necessary..; 
The design infiltration rate shall not be higher than the measured infiltration rate with the appropriate, 
safety factor applied, and may be much lower when stratigraphy, depth to the water table, depth to :. . 
impervious strata, infiltration receptor geometry and long-term clogging of the facility with fines is i . 
considered. 

The actual infiltration rate of a pond or tank will be influenced by geometric hydraulic constraints. A 
shallow water table or impervious layer will reduce the effective infiltration rate of a large pond, but.this 
will not be reflected in a small scale test. Clearly, a large.pond built over a thin pervious stratum with.a 
shallow water table will not function as well as the same pond built over a thick pervious stratum with 
a deep water table. These effects should be accounted for in the recommended design infiltration rate 
and in any other design recommendations which may be appropriate. The influence of the site geology 
on the effective infiltration rate could be analyzed by using groundwater modeling software or other 
analytic techniques. Selecting a suitable method of accounting for the groundwater and geologic 
conditions at a given site is the responsibility of the consultant. The soils engineer should work closely 
with the engineer designing the infiltration facility to ensure that appropriate design parameters are . 
used. . . 

Maximum Infiltretlon Rate Teat 

The maximum infiltration rate test is used to estimate the maximum sub-surface vertical infiltration rate 
of the soil below a proposed infiltration tank, pond or closed depression. The test is designed to 
simulate the physical process that will occur during design storm .event conditions, therefore, a 
saturation period is required to approximate the soil moisture conditions that would occur.during a 
major Form event. 

Testing Procedure 

(1) Excavations shall be made to the bottom elevation of the proposed infiltration facility. The , t 

maximum infiltration rate of the underlying soil shall be determined using either the EPA falling 
head percolation test procedure (Design Manual - Onsite Wastewater Treatment and Disposal I 

Systems, EPA, 1980) or the double ring infiltrometer test (ASTM D3385). 

(2) The test hole or apparatus is filled with water and maintained at depths above the test elevation 
for a period of not less than 4 hours (the saturation period). 

(3) Following the saturation period, the rate shall be determined in accordance with the specified test 
procedures, with a head of 6 inches of water. 
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(4) The engineer shall perform sufficient tests to determine a representative infiltration rate for the 
site, but at least three tests shall be performed for each proposed tank or pond site, and at least 
2 tests per acre and a minimum of 4 tests shall be performed for each closed depression. The 
measured rate shall have the following factor of safety applied: for the EPA method F.S. = 2.0; 
for ASTM 0-3385, F.S. = 1.75. 

(5) A minimum of two soils logs, extending a minimum of 5 feet in depth below the bottom of each 
proposed tank and a minimum of two soils logs, extending a minimum of 5 feet in depth below 
the bottom of each proposed pond shall be obtained for each 10,000 square feet (plan view areal 
of proposed pond infiltration surface area. The logs shall describe the S.C.S. series of the soil, 
the textural class of the soil horizon through the depth of the log, and note any evidence of high 
groundwater level, such as mottling. 

100-Year Overflow Conveyance 

An overflow route shall be identified in the event the tank or pond infiltration capacity is exceeded or 
the facility becomes plugged and fails. Ponds shall have an emergency spillway designed in accordance 
with the RID pond standards. All infiltration overflow systems shall.be designed to  convey the 
100-year 24-hour design storm event to  the natural surface outlet. All overflow systems shall meet the 
requirements of Section 1.2.1. 

Oil Spill Control 

All infiltration facilities must have an oil spill control device upstream of the facility to  capture any oil or 
other floatable contaminants before they enter the infiltration facility. The oil control device may 
consist of a Tee section in a catch basin or manhole. The oil control device shall provide protection up 
to the 10-year design storm. 

Groundwater Protection Standards 

The protection of groundwater quality is recognized as an issue of greater concern than in the past and 
groundwater protection standards are changing rapidly. Increased safeguards are required. The 
applicant must check state and other local regulations such as the Critical Aquifer Recharge Areas 
ordinance, basin plans, community plans, King County Health Department regulations and check with 
local water purveyors to determine if there are sole source aquifers, wellhead or groundwater protection 
zones, or aquifer recharge areas which may impose more stringent requirements on infiltration facilities 
than those in this manual. Groundwater purveyors should be responsible for determining the ,capture 
zones of their water supply wells. If federal, state or other local jurisdictions have more stringent 
groundwater protection requirements than those contained herein, the more stringent requirements shall 
apply. 

In no case should infiltration ponds and tanks be placed closer than 100 feet from drinking water wells 
and springs used for drinking water supplies. Where water supply wells exist nearby, it is the 
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responsibility of the applicant's engineer to locate such wells, meet any applicable protection standards 
and assess possible impacts of the proposed infiltration facility on gioundwater quality. If negative 
impacts on a community water supply are possible, additional runoff treatment must b e  included In the 
facility design or relocation of the facility should be considered. At a minimum, all infiltration facilities 
located within the one-year capture zone of any well must provide a wet pond or water quality swale 
upstream of the infiltration facility. 

Runoff Treatment 

Inflow to infiltration ponds and tanks shall be pre-treated for sediment removal. A water quality facility 
or biofiltration facility as described in Special Requirement #5, Special Water Quality Controls (Section 
1.3.5) which treats all runoff from the site (except from, roofs) before it enters the infiltration facility 
satisfies this requirement; otherwise, a settling pond or vault as described below is required. Where 
Special Requirement #5 does not apply the'measured mean infiltration rate exceeds 9 inches per 
hour, a wet pond, wet vault, water quality swale or biofiltration facility must be used, since soils with 
high infiltration rates will generally not treat runoff as effectively as soils with slower infiltration rates. 

Settling PondNault Requirements 

The settling pond or vault should be an overflo&/flow-through type system installed upstream of the 
infiltration facility. The surface area of settling ponds/vaults must be at least 0.5% of the total 
impervious surface area tributary to the facility.' Settling facilities must be between 4 feet and 6 feet - 
deep and have a length,to. width ratio of at least 3:1. The inlet(s) and outlet should be situated to 
maximize the length of travel through the settling pondlvault. Berms or baffles may be used to 

. lengthen the travel distance if site constraints limit the inlet/outlet placement. Inlets should be designed 
to minimize velocity and turbulence. Roof runoff need not be treated before entering' an infiltration 
facility. 

Erosion Control Requirements 

Infiltration systems must not be put ,into service before the upstream areas are properly stabilized. . 

Untreated runoff could permanently impair the functioning of an infiltration system. Section 1.2.3 of 
this manual states that "Infiltration facilities may not be operated until $j!J proposed project 
improvements which produce surface runoff are complete, especially revegetation and landscaping. In 
the case of projects with individual lots remaining undeveloped, these lots must contain and infiltrate 
their runoff through individual sediment traps ... acting as infiltration ponds until permanent 
improvements and landscaping are established." An alternative to this approach is to provide a large 
sediment trap on an undeveloped. tract to serve the undeveloped lots, which is to be left in place until 

'. all clearing and construction is complete and all permanent landscaping is in place (see Section 5.4.5-1 ' 

for design details). A t  the completion of all construction, the sediment trap must be cleaned out (taking 
care that no sediment enters the drainage system) and filled.in, and the flow routed to the permanent 
drainage system. 

Construction Guidelines for Infiltration Facilities 

Excavation of infiltration systems should be done with a backhoe working.at "arms length" to minimize 
disturbance and compaction of the completed infiltration surface. If the bottom of the facility will be 
less than three feet below grade, the facility area should be cordoned off so that construction traffic 
does not traverse the area. The exposed soil should be inspected by the soils.engineer'after the 
infiltration facility has been excavated to confirm that the soil conditions are suitable. 

Two simple staff gages for measuring sediment depth should be installed at opposite ends of the 
bottom of ponds. Th.e gages can consist of 1 inch pipe driven at least one foot into the soil in.the 
bottom of the pond, with 6' inches of the pipe protruding above grade. 
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4.5.3 INFILTRATION TANKS 

Infiltration tanks consist of underground pipe that has been perforated to allow detained surface 
water to be infiltrated. Figure 4.5.3A shows a typical infiltration tank. 

Llmftatlons 

o Not allowed on slopes greater than 25% (4:l). 

o Infiltration surface elevation (bottom of trench) must be in native soil (excavated at least one foot 
in depth). 

Design Crlteria 

o Bottom of infiltration tank trench shall be at least three feet above the seasonal high groundwater 
level. 

o The spacing end construction of structures, materials allowed, accessibility for maintenance, 
easements and hydraulic design methods shall be the same as those described for detention tanks 
in Section 4.4.5, except for features needed to allow infiltration. 

o Minimum spacing between parallel tanks shall be equal to 2 times the distance from the bottom 
of the lowest tank to the ground surface. 

o All tanks shall be a minimum of 20 feet from any structure, property line, Native Growth 
Protection Easement, Sensitive Area Tract or Sensitive Area Setback Area, and distance from any 
septic tanwdrain field shall be consistent with the Seattle-King County Health Department 
requirements. 

o All tanks shall be a minimum of 50 feet from any steep slope. A geotechnical report must 
address the potential impact of the tank infiltration on the steep slope (see Section 1.3.1 1). 

o Tanks shall be bedded and backfilled with washed drain rock which extends at least 1 foot below 
the bottom of the tank, at least 2 feet beyond the sides, and extends to the top of the tank. 

o Filter fabric shall be placed over the top of the drain rock prior to backfilling. 

Method of Analysis 

The size of the tank shall be determined by using the tiydrograph methods described in Chapter 3 and 
the stageldischarge curve developed from the recommended design infiltration rate as described in 
Section 4.5.2. At a given stage the discharge can be co'mputed using the area of the surface through 
which infiltration will occur (A,) multiplied by the recommended design infiltration rate (in appropriate 
units). The area (A,) used for determining the potential infiltration from the tank shall be computed by 
taking the lesser of two times the width of the tank, or the trench width, and multiplying by the 
length of the tank. 

The storage volume in the tank is used to detain runoff prior to infiltration with the perforations 
providing the outflow mechanism. The perforations (holes) in the tank must be one inch in diameter 
and located in the bottom half of the tank starting at an elevation of 6 inches above the invert of the 
tank. The number and spacing of the perforations should be sufficient to allow complete utilization of 
the available infiltration capacity of the soils with a safety factor of 2.0 without jeopardizing the 
structural integrity of the tank. 
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FIGURE 463A SAMPLE INFILTRATION TANK 

OPTIONAL PARALLEL TANK 

WASHED ROCK BEDDING 
AND BACKFILL TO 
TOP LINE OF TANK 

PLAN VIEW 
NO SCALE 

Optionol Ossign for Pomllsl Tonk Shown Domhsd 

2" MlN DIA. AIR 
PIPE WELDED TO 

WASHED ROCK BEDDING 
AND BACKFILL TO 
TOP OF TANK 

TYPE 2 CB 
SEE SECTION 4.4.7 SECTION A-A 

NO SCALE 

NOTES: All metal orts corroslon reslatant 
p o N  p o l n n e d  ond ospholt rooted 

rsotment I or better) 
FILTER FABRIC TO BE PLACED 
WER WASHED ROCK BACKFILL 

VENT 
1 TANK ' 
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4.5.4 INFILTRATION PONDS 

lnfiltration ponds may be constructed using excavation and constructing berms. See Figure 4.5.4A 
for sample detail. 

Limbtions 

o Not allowed on slopes greater than 25% (4:l). 

o , lnfiltration surface elevation (bottom of pond) must be in native soil (excavated at least one foot 
in depth). 

o Bottom of the proposed pond must be at least 3 feet above the seasonal high groundwater level. 

o The construction of structures, materials allowed, accessibility for maintenance, easements, and 
hydraulic design methods shall be the same as those described for detention ponds in Section 
4.4.4, except as required for the infiltration design. 

o All ponds (at the maximum potential water surface elevation) shall be a minimum of 20 feet from 
any structure, property line, Native Growth Protection Easement, Sensitive Area Tract, Sensitive 
Area Setback Area, and distances from any septic pondtdrain field shall be consistent with the 
Seattle-King County Health Department requirements. 

o All ponds shall be a minimum of 50 feet from any steep slope. A geotechnical report must 
address the potential impact of the pond infiltration on the steep slope (see Section 1.3.1 1 ). 

Method of Analysis 

The size of the pond shall be determined by using the hydrograph methods described in Chapter 3 
and the stagetdischarge curve developed from the design infiltration rate recommended by the soils 
engineer, as described in Section 4.5.2. The storage volume in the pond is used to detain runoff prior 
to infiltration. At a given stage the discharge can be computed using the area of the pervious surface 
through which infiltration will occur (A,) multiplied by the recommended design infiltration rate (in 
appropriate units). Berms, which should be constructed of impervious soil, and .lined swales should 
not be included in the design pervious surface area. 
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FIGURE 4.5.4A SAMPLE INFILTRATION POND 
' ' 
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4.6.6 ALTERNATIVE SYSTEMS 

The purpose of this section is to present alternative types of infiltration facilities. It is our aim to  
encourage the use of infiltration wherever feasible. We encourage the use of other alternative 
(experimental) systems not specifically described here, but such systems will require a variance. 

Small Infiltration Basins 

Small infiltration basins consist of a bottomless, pre-cast concrete catch basin or equivalent structure 
placed in an excavation filled with washed drain rock. Stormwater infiltrates through the drain rock 
into the surrounding soil. This facility is intended for use with contributing surface areas of less than 
5000 square feet. Small infiltration basins can incorporate a variety of pre-treatment features 
including settlement basins, spill containment, and additional water quality pre-treatment (see 
Figure 4.5.5A for a generic design sketch). Runoff from paved areas must be treated by the use of 
filter strips or other appropriate water quality BMPs before runoff enters the infiltration portion of the 
system. 

The design criteria for small infiltration basins are essentially the same as for infiltration tanks (see 
Sections 4.5.2 and 4.5.31, except that only one infiltration rate test and soil log is required for each 
small infiltration basin. Access into the basins shall be provided for inspection and maintenance. 
Designs could incorporate Type II catch basins, but equivalent designs using other materials may be 
accepted. 

Modular Grid Pavement 

Modular grid pavement is not a facility per se, but does provide localized infiltration. It is designed for 
low traffic driveways, overflow parking areas, maintenance access roads, etc. The use of modular 
grid pavement can decrease the size of retentionldetention facilities, since the area covered by the 
pervious pavement may .be considered to be a grassed pervious surface rather than an impervious 
surface when the site is modeled. Modular grid pavement consists of a lattice of concrete, plastic, or 
other load bearing material, over a permeable base course such as gravel or sand. The actual 
pavement design should .be done by the project engineer, but a minimum of 6 inches of permeable 
base should be placed under the pavement. Grass may be grown in the interstices of the grid. . 

Modular grid pavement may be used off right-of-way in low-traffic or infrequently used areas (less 
than 6-10 trips per day). Provisions for the removal of oil and grease contaminated soils should be 
included in  the maintenance plan for modular grid pavements. The finish grade of the soil surface 
within the pavers should be about three-fourths inch below the top of the pavers. Smooth surfaced 
walkways may be run across modular grid pavements, but impervious surfaced walkways should not 
exceed 10 percent of the total paved surface. 
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FIGURE 4JJA CONCEPTUAL SMALL INFILTRATION BASIN 
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4.6.6 DISPERSION OF ROOF RUNOFF 

All roof runoff from lots in new plats and short plats must be either infiltrated or dispersed, or stub- 
outs to the plat drainage system must be provided. Where lots are less than 22,000 square feet and 
infiltration is feasible, infiltration is required either on the individual lot .(see Section 4.5.1) or within 
the plat. If infiltration is not feasible and the dispersion criteria are met, dispersion is allowed (see 
below). If infiltration or dispersion is not feasible, stub-outs shall be used to connect the roof drains 
to the plat drainage system (where there is a pipe drainage system). Connections to the stub-outs 
shall be perforated connections, as described below. 

Dispersion of roof runoff is on residential lots in new plats and short plats which are larger 
than 22,000 square feet. The dispersion on lots exceeding 22,000 square feet may consist of either 
splash blocks at the downspouts or a downspout dispersion system, as described below. The system 
must be designed so that no significant erosion or flooding problems, are created. The discharge 
points should be at least 50 feet from roadways or storm water collection systems and the area 
downstream should be vegetated for a distance of at least 50 feet. On large lots with dispersion 
systems where the distance to the property line, roadways and drainage collection points is at least 
50 feet, the roof areas that are dispersed may be modeled as grassed rather than impervious area for 
plat or short plat RID design. If the 50 foot minimum distance cannot be met, and the discharge can 
travel over at least 25 feet of vegetation before leaving the property, 50% of the dispersed roof area 
may be modeled as grassed pervious surface. Where the risk of a significant flooding or erosion 
problem exists or the travel path to the property line is less than 25 feet, a perforated stub-out 
connection (as described below) will be allowed, but no reduction of impervious area for flow control 
calculations will be allowed. 

Dispersion of roof runoff is jdlowed on residential lots from 9600 to 22,000 square feet where the 
overflow can travel over at least 25 feet of vegetated area before leaving the property and does not 
pose a significant flooding or erosion problem. Dispersion trenches (as described below) or splash 
blocks may be used. Where dispersion trenches are used, 50% of the dispersed roof area may be 
modeled as grass covered pervious soil when sizing RID facilities. No reduction in impervious area 
calculation is allowed where splash blocks are used. Stub-outs shall be provided for lots which do 
not disperse roof runoff, and stub-outs may be provided to all lots to collect drainage from footing 
drains, driveway drains, etc. The stub-out connections shall be perforated, as described below. 

Dispersion of roof runoff is j$Iowed on residential lots less than 9600 square feet where the overflow 
from the discharge points can travel over at least 25 feet of vegetated area before leaving the 
property and does not pose a significant flooding or erosion problem. Dispersion trenches or splash 
blocks may be used. No reduction in impervious area will be allowed on lots less than 9600 square 
feet. Stub-outs must be provided on all lots less than 9600 square feet. Where roof drains are 
connected to the stub-outs, a perforated connection shall be used. 

' CR = CREDIT, NC = NO CREDIT. 

Note 1: Where the travel distance is at least 50 feet, 100% of the impervious roof area may be modeled as 
grassed pervious area when calculating required RID size. Where the travel distance is between 25 and 50  
feet, 50% of the impervious roof area may be modeled as grassed pervious area when calculating required 
RID size. 
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Note 2: Where dispersion trenches are used and there is at least 25 feet of vegetated surface between the 
outfall and the property line, 50% of the impervious roof area may be modeled as grassed pervious area when 
calculating required RID size. 

Downspout dispersion systems should be broken up to require a separate segment for each 700 
squdre feet of roof, with no segments directly uphill from other mgments. Discharge points are not 
to be located within 10 feet of property lines, adjacent to steep slopes, or in a manner which would 
cause flooding or erosion problems on downstream properties, or flow over septic systems. All 
discharges must be directed into vegetated areas. 

Each trench segment should include a small catch basin (plastic is acceptable) for'sediment removal . 
and overflow. There should be 10 feet of trench per segment. The trenches should be level, 2 feet 
wide, 18 inches deep, filled with drain rock to the'surface and have a 4 inch perforated pipe laid with 
6 inches of rock cover (see Figure 4.5.6A). 

Perforated StuWut Deslgn 

The perforated stub-out connection shall be placed between the downspouts and the stub-out to .the 
storm drain. The location of the perforated connection should be selected to allow a maximum "="Ii 
amount of runoff to infiltrate into the ground (ideally a dry location on the site that is relatively well- 
drained). Perforated stub-out connections shall consist of at least 10 feet of perforated pipe laid in a 
level 2 foot wide trench backfilled with washed drain rock. 'The drain rock shall ex ted  to a depth of 
at least 8 inches below the bottom of the pipe and shall cover the pipe. .The pipe shall be laid level 
and the rock trench shall be covered with filter fabric and 6 inches of random fill (see Figure 4.5.68). 

5 . '  
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FIGURE 4JAA DOWNSPOUT DISPERSION TRENCH . . 
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FIGURE 4SdB PERFORATED STUB-OUT DESIGN 
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4.6 WATER QUALITY FACILITY DESIGN 

See the overview of Surface Water Policies in the Reference section, for a discussion of the 
mechanisms of pollutant removal and water quality benefits of wet ponds and swales. 

Exemption: Runoff from roofs will not require water quality treatment for proposed projects 
required to provide any of the water quality facilities in this Section provided the roof runoff will. 
not flow through the water quality facility, and the BALD Division determines that granting this 
exemption will not.produce significant adverse impacts to downstream water quality. Note, this 
exemption does not exempt projects from providing peak rate runoff control for runoff from roofs, 
however, it may allow significant reduction in the required size of the water quality facilities 
contained in this Section. 

Liner to Prevent Groundwater Contamination 

Significant concern exists regarding'the potential contamination of groundwater resources (both 
potable and aquatic) from inadequately treated surface water runoff that may be immediately 
infiltrated at water quality control facilities serving impervious areas of intensive use (such as for 
proposed arterial roadways, and multi-family residential, commercial, manufacturing and industrial 
projects). These water quality facilities include wetponds, water quality swales, and biofiltration 
facilities located over rapidly draining soils. 

In order to address this concern, these water quality facilities, proposed to be located in soils with 
a minimum infiltration rate (see Section 4.5.1 1, or permeability, of more than 9 inches per hour 
(0.1 5 inches per minute), must have a "l inir i~" system to prohibit infiltration under the water 
quality facility. Of course, infiltration facilities'provided for peak rate runoff control would be 
located downstream of these and any other water quality control facilities. 

Design Criteria 

o The liner material must be either a commercial heavy plastic pond, liner (minimum 40 mil) or a 
bentonite clay (minimum 12" thick). 

o A layer of compacted top soil (minimum 18" thick shall be placed over the liner prior to seeding 
with the appropriate seed mixture (see Section 5.5.4). 

4.6.1 WATER QUALITY SWALES 

Water Qualitv Swales . 

Water Quality Swale shall be designed to meet the requirements of Special Requirement #5: 
Special Water Quality Controls, Section 1.3.5. 

Design Criteria 

o See Figure 4.6.1 A for detail, 

o The materials allowed, vegetation required, accessibility for maintenance, easements, and 
hydraulic design methods shall be the same as those described for-open channels in Section 
4.3.7. 

Method of Analysis 

The width of the swale bottom shall be determined by using the hydrograph methods described in 
Chapter 3 to compute the required design flow. 

3 (min) r I '  min. freeboard 

v 

FIGURE 4.6.1A WATER QUALITY SWALE 

1 Design Wale, Surtace 
2 yr, 24 hr design storm C Width 08 requlred 
Ibw (Developed Condllbns) 



K I N G  C O U N T Y ,  W A S H I N G T O N ,  S U R F A C E  W A T E R  D E S I ~ N  M A N U A L  

4.6.2 WETPONDS AND WETVAULTS 

Wetponds and Wetvaults shall be demonstrated to,be designed to meet the requirements of Special 
Requirement #5: Special Water Quality Controls, Section 1.3.5, at the 4- to 7-foot design depth. 

Design Criteria 

o - See Figure 4.6.2A for details. 

o The depth of the permsnent pool in the fpcilitv shall be 3 to 6 feet plus one foot of dead . ' 

storage for sediment. 

o The inlet and outlet shall be p'laced to maximize travel time through the facility. The inlet shall 
be placed just above the dead storage. 

o A gravity drain for maintenance shall provide an outlet invert ,of one foot above the bottom of. 
the facility and shall be sized to drain the facility in four hours or less. Controlled by a valve in 
the control manhole. . . 

- - .  
o The peak flow for the Pt-wq design storm for the developed conditions shall pass through the 

facility. Flows in excess ofthe Pt-Wq design storm shall bypass the facility in a separate ; 
conveyance to the point of discharge. A 'mechanism must be provided at the bypass point to.., 
allow the facility to be taken "off-line" mgnually for maintenance and repair. 

o The length-to-width ratio of the facility at the design surface area shall be no less than three-to- 
one (preferably five to one). 

o The facility shall be divided irito three cells. The first cell (the "forebay") shall contain 
approximately ten percent of the design surface area. The second cell shall contain 
approximately 45 percent of the design surface area. 

o For Wetponds the construction of structures, materials allowed, vegetation required, 
accessibility for maintenance, easements and hydraulic design methods shall be the same as 
those described for detention ponds in Section .4.4.4. . , 

o For wetvaults the construction, materials allowed, accessibility for maintenance, ,easements 
and hydraulic design methods shall be the same as those described for detention vaults in 
Section 4.4.6. 

o For Wetpond cells with design surface areas exceeding 10,000 square feet, a 6 foot wide 
safety bench shall be provided around the perimeter of the cell with a. water depth not 
exceeding 1 foot in depth. The bench shall be planted with emergent wetlands vegetation , : 
(such as cattails) to discourage entry into the water. 

-1 

o All facilities shall be a minimum of 20 feet from any structure, property line, NGPE, and 
distances from any septic tankidrain field shall be consistent with Seattle-King County Health 
Department requirements. 

o All facilities shall be a minimum of 50 feet from any steep slope. A geotechnical report 'must 
address the potential impact of a wetpond on a steep slope (see Section 1.3.1'1 1: 

Method of Analysis 

The volume'of storage in the facility and the peak flows for hydraulic design shall.be determined by 
using the hydrograph methods described in Chapter 3. 
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FIGURE 4.6.2A SAMPLE WET POND 



K I N G  C O U N T Y ,  W A S H I N G T O N ,  S U R F A C E ,  W A T E R  D E S I G N ' . M A N U A L  

4.6.3 COMBINED WETPONDIDETENTION POND 

Detention ponds that combine the performance requirements of wetponds shall be designed to: 

o meet the requirements of Special Requirement #5: Special Water Quality Controls, Section 
1.3.5, within the dead storage area of the detention pond. 

o meet the requirements of core Requirement #3: Runoff Control, Section 1.2.3., and Section 
4.4 for the live storage detention area. 

Design Criteria 

o See Figure 4.6.3A for details. 

o The wetpond portion of the combined facility shall meet all design criteria'in Section 4.6.2. 
, , 

o Flows above the peak flow for the Pt-wq design storm for the developed conditions shall . '  

bypass the facility. All flows are required to be conveyed through the facility. 

o . The detention portion of the combined facility shall be added above the wetpond storage and 
shall meet all design criteria in Section 4.4. 

o The dead storage criteria for detention facilities is met by the wetpond storage and six inches 
of dead storage provided at the inlet covering one third of the first cell. The volume of the 
wetpond dead storage shall not be counted towards the detention volume requirements. 

o The length-to-width ratio of the facility at the design surface area shall be,no less than five-to-. 
one due to the higher flows and energy of the facility. 

o The sizing of the first cell shall be controlled by the requirement to contain 50 percent of the 
detention volume as live storage. Dead storage shall'contain, at a minimum, the wetpond 
volume needed to produce 10 percent of the water quality surface area at the design elevation 
and be lined to minimize turbulence. The inflow shall be placed to maximize distance to the 
gravel window. 

o The sizing of the remaining cells shall be controlled by the requirement to contain the wetpond 
volume as dead storage in two cells needed to produce 90 percent of the water quality surface, 
area at the design elevation. Live storage shall contain, at a minimum, 50 percent of. the 
detention volume. 

o The control structure shall be based on the details in Section 4.7. The inlet crown elevation 
shall beaplaced at the wetpond design water surface (see Section 4.6.2). An additional gravity 
drain for maintenance shall be provided one foot above the bpttom of the facility' and shall be 
sized to drain the facility in six hours'or less. 

Method of Analysis 

The volume of storage in the facility and the peak flows for hydraulic design shall be determined by 
using the hydrograph methods and routing procedures described in Chapter 3. The 'volume 
determined for the' wetpond shall be added to the volume of the detention facility: Detention 

+ 

performance shall be analyzed assuming the wetpond is full. 
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FIGURE 4.6.3A SAMPLE COMBINED WETPONDIDETENTION POND 
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4.6.4 BlOFlLTRATlON FACILITIES 

Core Requirement #3, in Section 1.2.3, specifies when biofiltration facilities .must be provided to 
treat proposed project runoff. Note, biofiltration facilities may be installed prior to, or following, 
peak rate runoff control facilities but will always precede water quality ponds, vaults or swales. 

Facilities designed to improve the quality of storm and surface water runoff through the application 
'of biofiltration have been shown by a number of studies to be effective in removing a significant 
amount of the total suspended solids, fine sediments,. some non-soluble heavy metals, and some 
nutrients from the runoff. Locally, .a study by Professor Richard Horner of the University of 
Washington's Civil Engineering Department, sponsored by the Washington State Department of 
Ecology, the Municipality of Metropolitan Seattle (METRO), King County, and, the cities of Bellevue, 
Mountlake Terrace and Redmond, developed 'guidelines for sizing biofiltration swales and 'filter 
strips. In addition, work performed by Dr. Gary Minton, Resource Planning Associates, for the City 
of Seattle "Water Quality: Best Management' Practices" Manual has demonstrated the practical 
application of the results of both theoretical gnd empirical research to the design of biofiltration 
facilities. 

. I 
There are two types of biofiltration facilities described in this Section. Theyare biofiltration swales 
and filter strips. A biofiltration swale is essentially a vegetation lined channel with the runoff 
treated by flowing at a shallow depth and relatively slow velocity through the vegetation. The 
biofiltration swale is best suited to treat runoff that has been collected and concentrated such as at 
the outfall to a'peak rate runoff control facility. Filter strips are areas covered by vegetation over: 
which runoff sheet flows at a very shallow depth and in a dispersed manor. Filter strips are well 
suited to treating runoff from impervious areas such as parking lots where frequent gaps in the 
extruded asphalt curbing provide.dispersed inflow points to the filter strip. 

Design Criteria 

General 

o ~iofiltration swales and filter strips shall be designed consistent with the requirements for 
conveyance system analysis and route design criteria in Section 4.3.2 and the design criteria 
for open channels in Section 4.3.7, unless superseded by the following design criteria. + I  

o Biofiltration swales shall have a maximum bottom width of 50 feet. 

o Biofiltration swales shall have one foot high (and one foot keyed below the swale invert) check 
dams placed every 50 feet along their length starting 20 feet downstream from the inflow : 
point. The check dams shall have 2:1 side slopes and be constructed of rip rap per table 
4.3.6A (100 % passing an 8" sieve). 

I 

o Curbing for impervious areas tributary to filter strips shall be designed with a one-foot gap for 
every 5 feet of curbing. 

o The transverse slope of impervious areas tributary to filter strips shall be level, and the 
impervious area cross slope shall not exceed 10 percent. 

Geometricg 

o Biofiltration swales shall be trapezoidal or rectangular in. shape, based on the side slope and 
stabilization criteria contained in Section 4.3.7. 

o The length of biofiltration swales should be at least 200 feet, wherever feasible. The length 
may be reduced to a minimum of 50 feet provided the surface area of the design water surface 
at the biofiltration design flow is equal to that computed based on a 200 foot length (see 
Method of Analysis below). 

o .The 200 feet of biofiltration swale length may be achieved by dividing the swale into segments 
(minimum 50 f,eet in length) with interconnecting pipes to transfer runoff between segments. 
This is particularly useful on slopes which exceed 6 percent where thesegments can traverse' , 
the slope and thus "step" the biofiltration swale down the slope. 
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o Filter strips shall be designed so that each lineal foot of length will receive runoff from a 
maximum of 140 square feet of impervious surface. 

o Filter strips shall be a minimum of 15 feet in width and a maximum of 30 feet in width (both 
measured in the plan view). 

o Biofiltration swales may have slopes up to 6 percent. 

o Where the slope of a biofiltration swale will be less than 0.5 percent, or the seasonal mean 
ground water level will be at or above the swale bottom, emergent wetland vegetation must be 
planted. 

o Filter strips shall have a minimum cross slope of 2 percent and a maximum cross slope of 15 
percent. 

o The transverse slope of filter strips (at the point where the filter strip meets the impervious 
surface) shall be level. 

o Runoff from a filter strip shall be intercepted at the bottom of the strip by a swale sized to 
convey the peak rate of runoff for the maximum design storm event away from the bottom of 
the strip. 

Biofiltration swales and filter strips shall be vegetated based on the physical conditions using either 
an urban (lawn and other areas to be frequently mowed), rural (for use in areas to be left 
un-mowed and more natural in appearance), or wetlands (swales only) seed mixture (per Section 
5.5.4). 

Methods of Analysis 

Use Manning's Equation Method for Preliminary Sizing of Open Channels, as described in Section 
4.3.7, to determine the cross-sectional geometry of a biofiltration swale using the following 
parameters. 

Biofiltration Desian Flow Rate 

o Biofiltration swales shall be sized using a biofiltration design flow rate as specified in Core 
Requirement #3, in Section 1.2.3, using the hydrograph methods described in Chapter 3. 

o Filter strips shall be sized by providing 0.23 square feet of strip per one foot length of tributary 
unit area of impervious surface. 

Mannina's Rouahness "n" 

o Use a Manning's "nn of 0.35 when sizing a biofiltration swale for biofiltration function. Use an 
appropriate Manning's "n" from Table 4.3.78 (such as 0.027 for lawns) when evaluating the 
swale for conveyance capacity and maximum velocity for stability. 

o Regardless of the actual proposedbiofiltration swale slope, use a slope of 2 percent when 
sizing the swale for biofiltration function. Use actual proposed slope when evaluating the swale 
for conveyance capacity and stability. 

o The velocity of runoff through the biofiltration swale or filter strip at the biofiltration flow rate 
shall not exceed 1.5 feet per second at a Manning's "n" of 0.35. 
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o The velocity of runoff through the biofiltration swale or filter strip for the maximum conveyance 
capacity design flow rate (see Core Requirement #4, Section 1.2.4) shall not exceed 5 feet per 
second. 

Desian Flow Depth 

o Biofiltration swales shall be designed using a design flow depth at the biofiltration design flow 
rate by assuming a winter design height of vegetation as shown in Table 4.6.4A. 

~ e s i g n  Process 

Biofiltration Swales 

TABLE 4.6.4A DESIGN FLOW DEPTH BY TYPE OF VEGETATION 

(1 Compute the biofiltration design flow rate. 
(2) Determine the preliminary route and actual slope. 
(3) Compute the bottom width of the swale based on the proposed vegetation type and side slopes 

(3 to 1 preferred). 
(4) Check the velocity at the biofiltration design flow rate (Ignore the check dams and use the -- 

actual swale slope). If in excess of 1.5 feet per second, re-design the swale by decreasing the 
actual swale slope, stepping down the slope by dividing the swale into segments, or increasing 
the width. 

(5) If the swale length must be less than 200 feet in length, compute the surface area of the 
design water surface at the biofiltration design flow rate and widen the shortened swale to 
provide an equivalent surface area. i 

(6) Use the conveyance capacity maximum design flow rates and establish the required swale 
depth to provide adequate freeboard. 

( 7 )  Check the maximum velocity in the swale at the maximum design flow rate (Ignore the check 
dams when computing the maximum velocity.) If greater than 5 feet per second re-design the 
swale by decreasing the actual swale slope, stepping down the slope by dividing the swale into 
segments, or increasing the width. 

Filter Strias 

Design Flow Depth 

1 inch 

4 inches 

8 inches 

Type of Vegetation 

Urban (lawns) 

Rural (natural areas) 

Wetlands (wet areas) 

( 1  1 Compute the required width of the filter strip by calculating the length of of tributary unit area' 
of impervious surface per one foot length 'of strip and multiplying times 0.23 feet. 

(2) Determine the preliminary design of the filter strip. 
(3) Size the swale at the toe .of the filter strip to convey the maximum design flow rates from the,. 

area tributary to the filter strip. 

Winter Design Height 

3 inches 

G'inches 

10 inches 

4.6.5 COALESCING PLATE OlLlWATER SEPARATORS 

Coalescing plate oillwater separators are used to effectively remove oil and grease from surface 
water. They operate by using differential gravity separation of particles that have a different 
density than water. Particles of higher density than water (such as sediments) will settle down to 
the bottom, while particles with a lower density than water (such as oils) will rise to the top. Once 
separated from the water column the particles of interest can be removed. The most effective 
separator designs employ a series of ,parallel inclined plates that shorten the distance particles have 
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to settle and provide for self-cleaning of the plates through inclination at an angle in excess of the 
angle of repose of the particles. Coalescing plate oillwater separators shall be designed to meet 
the requirements of Special Requirement #6, in Section 1.3.6. 

Design Criteria 

o See Figure 4.6.5A for sample detail. 

o The amount of area contributing runoff to the separator should be limited to that area which 
will actually introduce oil and grease into the runoff in order to avoid needlessly over-sizing the 
facility. 

o A gravity drain shall be provided one foot above the bottom of the separator vault and sized to' 
allow the facility to be completely drained in one .hour. 

o Peak runoff flows above that for the water quality design storm (Pt-wq) must bypass the 
facility in a separate conveyance to the point of discharge. A mechanism must be provided at 
the bypass point to allow the facility to be manually taken "off-line" for maintenance and 
repair. 

o The actual design and manufacture of the separator plates requires a detailed understanding of 
the internal hydraulic parameters required to optimize particle removal (such as plate spacing, 
angle of inclination) as well as selection of the most reliable materials for plate fabrication. 
Design engineers are, therefore, encouraged to em'ploy pre-manufactured and standardized 
separator assemblies in the facilities they design supplied by well-established water resource 
equipment firms. 

o The spacing and construction of structures, materials allowed, accessibility for maintenance, 
easements, and hydraulic design m,ethods shall be the same as those described for detention 
vaults in Section 4.4.6. 

o Oillwater separators shall be placed bef6re biofiltration, water quality, and infiltration facilities 
except those facilities which are fed directly by sheetflow. 

Method of Analysis 

The storage volume in the separator vault and the size of the separator assembly shall be based on 
a process flow rate computed using the hydrograph methods described in Chapter 3, and on the 
separator assembly manufacturer's design criteria. 
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FIGURE 4.6.5A SAMPLE COALESCING PLATE SEPARATOR 

Dctail from.syslem manuf'aclured by PIPE, Inc. 

WATER .OUTLET- 

OIL OUTLeT 

SEPARATOR PLATE UNIT 
SEPARATOR VAULT 

1600 GPH 1 5  107" J28" 15" 15". 4" 4" 

2300 GPM 138* 186" 129" 18" 15" 4" d l  
L 

I. ' Above capacltlee are baaed on 5s0 angle ot incllnatlon. 
2. Larger Capacifles available. 
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CHAPTER 5 
EROSIONISEDIMENTA- 
TION CONTROL PLAN- 
AND PRACTICES 

KING COUNTY, WASHINGTON 
SURFACE WATER 
DESIGN MANUAL 
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CHAPTER 5 
TEMPORARY EROSION AND SEDIMENTATION CONTROL 
STANDARDS 

5.1 PURPOSE AND OVERVIEW 

The purpose of temporary erosion and sediment control (TESC) is to prevent the transport of 
sediment to streams, wetlands, lakes, drainage systems, and adjacent properties. In most 
circumstances, however, it is impossible to completely prevent the transport of sediment to these 
features, either because of the difficulty in removing silt and clay-sized particles from runoff or 
because of large storms that overwhelm the TESC facilities. Due to the inherent difficulties in 
entirely preventing the transport of sediment, it is the responsibility of those involved in the design 
and construction of any project to utilize a variety of strategies to minimize erosion and the 
transport of sediment to the greatest extent possible. These strategies shall include overall project 
planning that reduces the risk of erosion through appropriate design and scheduling (Section 5.2) 
and traditional structural and cover measures, such as those described in Section 5.4. 

Erosion and sediment control is necessary because erosion rates associated with uncontrolled 
construction sites are much higher than normal rates: often a thousand or more times that of 
undeveloped land. The erosion rates increase duririg construction due to the removal of soil cover, 
alteration of soil characteristics, and changes in site topography. These vastly accelerated erosion 
rates, together with the higher rates typical of urbanized areas, result in excessive deposition of 
sediment in water resources and drainage facilities. This excessive erosion and consequent 
sediment deposition can result in devastating impacts to surface waters such as smothering of 
salmonid spawning beds, algal blooms in lakes, and flooding due to obstruction of drainageways. 

Applying erosion and sediment controls to construction sites can greatly reduce the delivery of 
sediment to surface waters. Figure 5.1 A demonstrates how controls can significantly reduce the 
concentration of sediment leaving the site. Even with good controls, the concentration of sediment 
leaving the site will still be significantly higher than either undeveloped or developed conditions and 
this may result in significant adverse impacts; however, the likelihood of such impacts are 
dramatically less than if no controls are used. 

FIGURE 6.1A MEDIAN STORM SEDIMENT CONCENTRATIONS 
(METROPOLITAN WASHINGTON COUNCIL OF GOVERNMENTS. 19901 

UNCONTROLLED - NO WOSDN OR S a m  CONTROL 
EROSION - WOSION CONTROL ONLY 
SWNENT - SWMNT AND EROSION CONTROL 
URBANIZKI - POST CONSTRUCTION (FILIRP, 1987) 
NATURAL - P R E D E J E L o m  

WJCONTROLLED EROSION S m E N r  URBANIZED NANRAL 

CONSTRUCTION SITE CONDITION 
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5.2 TEMPORARY. EROSION AND SEDIMENT CONTROL PRINCIPLES 

This section provides basic information on the principles of erosion and sediment control that shall 
be applied to all projects in King County. This section is intended to highlight certain principles 
that are particularly critical to achieving effective control and that are the basis for Core. 
Requirement 5. Projects that are consistent with these principles will generally meet the intent of 
the Core Requirement and this chapter, even if the details of the project are not entirely consistent 
with county standards. If a more complete treatment of TESC is needed, there are a number of 
useful references available (for example, Goldman et al., 1986). Additionally, information on 
permanent erosion control in natural channels is available in the Guidelines for Bank Stabilization 
Projects (King County, 1993). 

. Design the project to fh the natural topography, soils, and drainage patterns. %iioudh such 
practices as limiting disturbance of steeper slopes, avoiding disturbance of natural 
drainageways, or using soils with a higti infiltration rate to treat polluted runoff, the 
characteristics of the site can be used to minimize erosion and sediment transport. P 

.*. . 
Emphasize eroslon control, rather than qedlment control. Erosion control minimizes the 

' 

entrainment of sediment by runoff, while sediment control removes entrained sediment from 
runoff. Erosion control is more efficient and cost-effective because it is impossible to entirely 
remove sediment from runoff once it is entrained. Examples of erosion control include covering. 
disturbed soils and controlling surface runoff using measures such as dikes and lined ditches.' 
One illustration of the relative effectiveness of erosion control is straw mulch which can reduce 
sediment concentrations in runoff over 90%. Since it is nearly impossible to entirely prevent, 
erosion, it will also be necessary to incorporate sediment control facilities such as 
sedimentation ponds and silt fences. Sediment controls vary. in their effectiveness; but d 

typically reduce sediment.concentrationg 50 to 75%. However, sediment controls have little 
effect on the very'jine sediment that causes turbidity, whereas cover measures, such as straw 
mulch, can be highly effective in reducing turbidity. 

Minimize the extent and duration of area, exposed. Restricting clearing to only those areas , 

necessary for construction is probably the single most effective form of erosion control. 
Additionally, exposing areas only as long as necessary reduces the risk of erosion substantially. 
This can be accomplished by planning the project so that areas are disturbed 'only when 
construction is imminent and by using mulches and/or seeding to cover disturbed areas as soon 
as grading is completed. 

0 Keep ~ n o f f  velocities low. While erosion of exposed soil begins with a single raindrop, the ;,, 
largest volumes of eroded materials are typically .associated with concentrated runoff forming 
rills and gullies. One of the best ways to minimize erosion, therefore, is toreduce the 
possibility of concentrated runoff by intercepting runoff and conveying it in a non-erosive 
manner to a sediment pond or trap. This can intlude the use of dikes, swales, and benches td 
intercept runoff on slopes and ditches or drains'to convey the intercepted runoff. , 

Retain sediment on site. Sediment retention is less effective than erosion control measures,,'. 
such as cover, but is nevertheless a vital part of most projects because it is impossible to ,,, completely prevent erosion and the entrainment of sediment by runoff. Sediment can be 
retained by allowing it to settle out in ponds and traps or by filtering runoff from small areas 
through vegetation or a silt fence. Note that settling and filtration typically only remove sand- 
sized and coarse silt particles. Fine silts and clays cannot be removed in these ways, unless 
the runoff is released to vegetated areas or if chemical flocculents, such as alum, are used. ,!: 

Thoroughly monitor the site and maintain all TESC measures. Maintenance and vigilance are, 
the most vital components of effective TESC management. All measures require regular * '  

maintenance. The overall site also needs to be constantly examined to ensure that all areas are 
protected, that the measures are working together to provide maximum protection, and that all 
areas are mulched and/or vegetated as soon as possible. 

Schedule major earthwork during thb dry mason. The climate in the'Pu~et Sound reiion is, 
unique in that there are generally well defined wet and dry seasons (Figure 5.2A) and the wet . 
season is characterized by a large number of low-intensity, but frequent and long-lasting, 
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storms. As a result, construction in the dry season is a very effective form of erosion control. 
If construction does occur in the wet season, the need for regular maintenance is even more 
imperative. 

FIGURE 6.2A YEARLY RAINFALL PATTERN 

AVBIUOB DAILY RNNFALZ. 
4s YBARll OP m T A C  RAQUFAU 

5.3 GENERAL TESC REQUIREMENTS 

To satisfy the King County requirements for TESC, the following steps are required of all 
construction projects: 

1. In accordance with Sections 2.3.1 and 2.3.2.4, prepare and submit a Technical Information 
Report (TIR) and TESC plan for King County review. Incorporate any King County review 
comments as necessary to comply with Core Requirement 5 and this chapter. 

2. Construct initial TESC measures on-site as per the approved TESC plan. 

3. Inspect and maintain all TESC measures throughout construction in accordance with the 
inspection and maintenance standards of Section 5.4.10. 

4. Make any changes or additions necessary during construction to ensure that TESC 
measures perform in accordance with Core Requirement 5 and Sections 5.4.1 through 
5.4.9. 

5. Prior to final construction approval, meet all the conditions in Section 5.4.1 1. 

5.4 TESC MEASURES 

This section details the TESC measures and Best Management Practices (BMPs) that are required 
to minimize erosion and sediment transport off a construction site. The measures and practices are 
grouped into 11 sections corresponding to each of the minimum requirements in Core Requirement 
5. The introductory paragraphs at the beginning of most sections present the purpose of the 
measures, installation requirements relative to construction activity, guidelines for the conditions of 
use for each measure, and other information relevant to all BMPs in the section. Compliance with 
each of the 11 sections ensures compliance with the minimum requirements. Note, however, that 
additional measures shall be required by the County if the existing standards are insufficient to 
protect adjacent properties, drainage facilities, or water resources. 
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The standards for each individual TESC measure are divided into four sections: 

1) Purpose 
2) Conditions of Use 
3) Design and Installation Specifications , . 

4) Maintenance Requirements 

A code and symbol for each measure have also been included for ease of use on TESC plans. Note 
that the "Conditions of Use" always refers to site conditions. As site conditions change, TESC 
measures must be changed to remain in compliance with the requirements of this chapter. 

5.4.1 CLEARING LIMITS 

Minimum Requirement 1 Prior to any site clearing or grading, those areas that are to remain 
undisturbed during project construction shall be delineated. At a' minimum, .clearing limits shall be 
installed at the edges of all sensitive area buffers. 

Purpose The purpose of clearing limits is to prevent disturbance of those areas of the project sire- - 
that are not designated for clearing or grading. This is important because limiting site disturbance 
is the single most effective method for reducing erosion. Clearing limits may also be used to 
control construction traffic (Sections' 5.4.4.1 and 5.4.4.2), thus reducing the disturbance of soil 
and limiting the amount of sediment tracked off-site. 

When to Install Clearing limits shall be installed prior to the clearing andlor grading of the site. 

Measures to Use In most circumstances, marking clearing limits by delineating the site with a , 
continuous length of brightly colored survey tape is sufficient. The tape can be supported by 
vegetation or stakes, and it shall be 3 to 6 feet high and highly visible. Sensitive areas and their 
buffers require more substantial protection and shall be delineated with plastic or metal safety 
fences (also referred to as Native Growth Protection Easement or NGPE fences) or stake and wire 
fences. Fencing may be required at the county's discretion to control construction traffic or at any 
location where greater protection is warranted. Permanent fencing may also be used if desired by 
the applicant. Silt fence, in combination with survey flagging, is also an acceptable method of i>e 
marking sensitive areas and their buffers. 

1 

5.4.1.1 PLASTIC OR METAL FENCE 

Code: FE Symbol: 

Purpose 

Fencing is intended to restrict clearing to ap~roved limits', prevent disturbance of sensitive areas 
and sensitive area buffers, to limit construction traffic to designated construction entrances or 
roads, and to protect areas where marking with survey tape may not provide adequate protection. 

? . ,  

Conditions of Use I 

1. At the boundary of sensitive areas or sensitive area buffers. :, ,: 

; ' 
2. As necessary,, to control vehicle access to and on the site (Sections 5.4.4.1 and 5,4.4.2).,, 

1. . , As per manufacturer's specifications. 

2. The fence shall be at least 3 feet high and must be highly, visible. 

3. The fence shall not be wired or stapled to trees. 
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Maintenance Requirements 

1. If the fence has been damaged or visibility reduced, it shall be repaired or replaced 
immediately and visibility restored. 

2.. Disturbance of a sensitive area, sensitive area buffer, or NGPE shall be reported to the 
county for resolution. 

5.4.1.2 STAKE AND WlRE FENCE 

Code: SWF Symbol: I / V - "  

Purpose 

Fencing is intended to restrict clearing to approved limits, prevent disturbance of sensitive areas 
and sensitive area buffers, to limit construction traffic to designated construction entrances or 
roads, and to protect any areas where marking with survey tape may not provide adequate 
protection. 

Conditions of Use 

1. At the boundary of sensitive areas or sensitive area buffers. 

2. As necessary, to control vehicle access to and on the site (Sections 5.4.4.1 & 5.4.4.2). 

Design and installation Specifications 

1. See Figure 5.4.1.2A for detail. 

FIGURE 6.4.1.2A STAKE AND WlRE FENCE 

DO NOT NAIL OR STAPLE 
SURVEY FLAGGING WIRE TO TREES 

METAL 
FENCE POST 

\ 

Maintenance Requirements 

1. If the fence has been damaged or visibility reduced, it shall be repaired or replaced 
immediately and visibility restored. 

2. Disturbance of a sensitive area, sensitive area buffer, or NGPE shall be reported to the 
county for resolution. 

3. More substantial fencing shall be required by the county if the fence does not prevent 
encroachment into those areas that are not to be disturbed. 
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5.4.2 COVER MEASURES 

Minimum Requirement 2 Temporary and' permanent cover measures shall be provided to protect , 

disturbed areas. Temporary cover shall be installed if an 'area is to remain unworked for more than 
seven days during the dry season (April 1 to September 30) or for more than two days during the 
wet season (October 1 to March 31). These time limits may ,be relaxed if an area poses a low risk 
of erosion due to soil type, slope gradient, anticipated weather conditions, or other factors. 
Conversely, the county may reduce these time limits if site conditions warrant greater protection or 
if significant precipitation is expected. Any area to remain unworked for more than 30 days shall 
be seeded or sodded, unless the countv determines that winter weather makes vegetation 
establishment infeasible. During the wet season, slopes and stockpiles 3H:l V or steeper and with 
more than ten feet of vertical relief shall be covered if they are to remain unworked for more than 
12 hours. Also during the wet season, the material necessary to cover all disturbed areas must be 
stockpiled on-site. The intent of these cover requirements is to have as much area as possible 
covered during any period of precipitation. 

Purpose The purpose of covering exposed soils is to prevent erosion, thus.reducing reliance on 
less effective methods that remove sediment after it is entrained in runoff. Cover is the only 
practical method of reducing turbidity in runoff. Structural measures, such as silt fences and 
sediment ponds, are only capable of removing coarse particles and in most circumstances have 
little to no effect on turbidity. , > ,. 

When to Install Any exposed soils that will remain unworked for more than the time limit set in' 
minimum requirement 2 shall be covered by the end of the working.day. If the exposed area is'to 
remain unworked for more than 30 days, the area shall be seeded with the temporary seed mix'or 
an.equivalent mix that will provide rapid protection (Section 5.4.2.4). If the disturbed area is to 
remain unworked for a year or more or if the area has reached final grade, permanent seed mix or. 
an equivalent mix shall be applied. 

Measures to Use Cover. methods include the use of mulch, erosion control nets and blankets, 
plastic covering, seeding, and sodding. Mulch and plastic sheeting are, primarily intended to ' . , 

" protect disturbed areas for a short period of time, typically days to a few months. Seeding and 
sodding are measures for areas that are to remain unworked for months. Erosion nets and 
blankets are to be used in conjunction with seeding steep slopes. The choice of measures is left to 
the designer, however, there are restrictioni on the use of these methods, which are listed in the 
"Conditions of Use" and the "Design and+lnstallation Specifications" sections for each measure. ' 

The methods listed are by no means exhaustive. Also, the details of installation can, and should, 
vary, with the site conditions. Variations on the standards presented here are encouraged, if other 
coat-effective products or methods provide substantially equivalent or superior performance. A 
useful reference on the application of cover measures in the Puget Sound area is Horner, R.R., 
Guedrey, J., and Kortenhof, M.H., 1990. 

5.4.2.1 MULCHING 

' -F Code: MU. Symbol: 

Purpose 

The purposi' of rnuiching soils is to provide immediate temporary proteetion from erosion. Mulch 
also enhances plant establishment by conserving moisture, holding fertilizer, seed, and topsoil in 
place, and moderating soil temperatures. :There are an enormous variety of mulches that can be 
used. Only the most common types are discussed in this section. 

Conditions of Use 

1. On disturbed areas that require cover measures for less than 30 days. 

2. 
' 

As a cover for seed during the wet season and during the hot summer months. 

3. ' During the wet season, on slopes steeper than 3H: 1 V with more than 10 feet bf vertical 
, . relief. , , 
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Design and Installation Specifications 

1. For mulch 'materials, application rates and specifications, see Table 5.4.2.1A, 

TABLE 5.4.2.1A MULCH STANDARDS AND GUIDELINES 

Maintenance Standards 

1. The thickness of the cover must be maintained. 

Remadm 
Ccet-effective protection when applied with adequate 
thickneee. Hand-application generally requires greater 
thickneee than blown etraw. Straw ehould be crimped 
to evoid wind blow. The thickneee of straw mey be 
reduced by half when ueed in conjunction with 
seeding. 
Shell be epplied wlth hydromulcher. Shell not be used 
without seed end tackifier unlees the application rate ie 
at leeet doubled. Some wood fiber with very long 
fibers can be effective at lower applicetion retee and 
without seed or tackifier. 
More effective control can be obteined by increaeing 
thickneee to 3". Excellent mulch for protecting final 
gredee until landecaping beceuse i t  can be directly 
seeded or tilled into moil ae en emendment. Sourcee 
for ocmpoet ere availeble from the King County 
Comrnieeion for Marketing Recyclable Materials at 298- 
4439. 
Thie ie a coet-effective wey to diepoee of debrie from 
clearing and grubbing end eliminetea the probleme 
aeeoclated with burning. It ehould generelly not be 
ueed on elopee above epprox. 10% becauee of ite 
tendency to be traneported by runoff. It ie not 
recommended within 200 feet of eurfece wetere. If 
seeding ie expected shortly efter mulch, the 
decomposition of the chipped vegetation may tie up 
nutrients importent to greee eetabliehment. 

2. Any areas that experience erosion shall be remulched andlor protected with a net or 
blanket. If the erosion problem is drainage related, then the problem shall be fixed and the 
eroded area remulched. 

Application Rater 
2"-3" thick; 2-3 balee per 
1000 eq. ft. or 2-3 tone 
per ecre 

Approx. 25-30 Ibe. per 
1000 eq. ft. or 1000- 
1500 Ibe per acre 

2" thick min.; epprox. 
100 tone per acre 
(approx. 800 Ibe per yard) 

2" minimum thickneae 

. 
Mulch Material 
Straw 

Wood Flber 
Calluloss 

Compost 

Chippad 8110 
Vegetation 

6.4.2.2 NETS AND BLANKETS 
/1 

Quallty Standards 
Air-dried; free from 
undesirable esed and 
coarse meteriel 

No growth inhibiting 
factors 

No visible weter or duet 
during handling. Must be 
purcheeed from supplier 
with Solid Weete Hendling 
Permit. 

Averege eize shell be 
eeveral inches. 

Code: NE Symbol: *E? 

Purpose 

To prevent erosion and hold seed and mulch in place on steep slopes and in channels so that 
vegetation can become well established. In addition, some nets and blankets can be used to 
permanently reinforce turf to protect drainageways during high flows. Nets are strands of material 
woven into' an open, but high-tensile strength net (for example, jute net). Blankets are strands of 
material that are not tightly woven, but instead form a layer of interlocking fibers, typically held 
together by a biodegradable or photodegradable netting (for example, excelsior or straw blankets). 
They generally have lower tensile strength than nets, but cover the ground more completely. Coir 
fabric comes as both nets and blankets. 
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Conditions of Use 

1. For permanent stabilization o f  slopes 2H: 1 V or greater'and with more than 10 feet of 
vertical relief. 

2. In general, nets and blankets are used in conjunction with seed for final stabilization of a 
slope, not for temporary cover. However, they can be used for temporary applications as 
long as the product is not dama~ed by repeated handling. In fact, this is a superior method 
of slope protection than .plastic sheeting which generates high-velocity runoff (see Section 
5.4.2.31. 

3. Highly recommended for drainage ditches and swales. The application of appropriate 
netting or blanket to drainage ditches and.swales can protect bare soil from channelized 
runoff while vegetation is established. Nets and blankets also can capture ,a great deal of 
sediment due to their open, porous siructure. Synthetic nets and blankets can be used to 
permanently stabilize channels and' may provide a cost-effective, environmentally preferable 
alternative toeriprap. 

Design and Installation ~pecffications . 

1. See Figures 5.4.2.2A and 6.4.2.28 for typical orientation and installation of nettings and 
blankets. The manufacturer's rec0,mmendations are also to be used for installation. Note 
that installation is critical to the effectiveness of these products. If good ground contact is 
not achieved, runoff can concentrate under the product, resulting in significant erosion. *! 

2. With the variety of products available, it is impossible to cover all the details of appropri& 
use and installation. Therefore, it is critical that the design engineer thoroughly consult tee 
manufacturer's information and that a site visit take place in order to insure that the 
product specified is appropriate. ' 

3. Jute netting must be used in conjunction with mulch (Section 5.4.2.1 1. Excelsior, woven 
straw blankets, and coir (coconut fiber) blankets may be installed without mulch. Other, , 
types of products will have to be eva)uated individually. In general, most nets (e.~., jutef 
require mulch in order to prevent erosion because they have a fairly open structure. 
Blankets typically do not 'require mulch because they usually provide complete protection 'of 
the surface. 

4; There are many other types of erosion control nets and blankets on the market not 
authorized above that may be appropriate in certain circumstances. Such products will ;. 
have to be evaluated individually. 

I 

5. Purely synthetic blankets are allowed but shall only be used for long-term stabilization of ' 

waterways. The organic blankets authorized above are better for slope protection and : 
short-term waterway protection because'they retain moisture and provide organic matter to 
the soil, substantially improving the speed and successof revegetation. 
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FIGURE 6.4.2.2A WATERWAY INSTALLATION 

DO NOT STRETCH BLANKETS/MATTINGS TIGHT - 
ALLOW THE ROLLS TO MOLD TO ANY IRREGULARITIES A 
SLOPE SURFACE SHALL BE SMOOTH BEFORE 
PLACEMENT FOR PROPER SOlL CONTACT 
ANCHOR. STAPLE. AND INSTALL CHECK 
SLOTS AS PER MANUFACTURER'S 
RECOMMENDATIONS 
AVOID JOINING MATERIAL IN THE 
CENTER OF THE DITCH 
LIME, FERTILIZE AND SEED 
BEFORE INSTALLATION 

FIGURE 6.4.2.28 SLOPE INSTALLATION 

SLOPE SURFACE SHALL BE SMOOTH BEFORE IF THERE IS A BERM AT THE 
PLACEMENT FOR PROPER SOIL CONTACT TOP OF SLOPE. ANCHOR 
STAPLING PATTERN AS PER UPSLOPE OF THE BERM 
MANUFACTURER'S RECOMMENDATION 

ANCHOR IN 6"x6" MIN TRENCH 
AND STAPLE AT 12"  INTERVALS 

MIN. 6" OVERLAP 

ATERIAL DOWN TO A LEVEL, AREA, TURN 

DO NOT STRETCH BLANKETS/MAllINGS TIGHT - THE END UNDER 4" AN0 STAPLE AT 12 "  INTERVALS 

ALLOW THE ROLLS TO 'MOLD TO ANY IRREGULARITIES 

LIME, FERTILIZE AND SEED BEFORE INSTALLATION. 
PLANTING OF SHRUBS. TREES. ETC. SHOULD OCCUR 
AFTER INSTALLATION. 

FOR SLOPES LESS THAN 3H:lV. ROLLS 
MAY BE PLACED IN HORIZONTAL STRIPS 

Maintenance Standards 

1. Good contact with the ground must be maintained, and there must not be erosion beneath 
the net or blanket. 

2. Any areas of the net or blanket that are damaged or not in close contact with the pround 
shall be repaired and stapled. 

3. If erosion occurs due to poorly controlled drainage, the problem shall be fixed and the 
eroded area protected. 
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5.4.2.3 PLASTIC COVERING 

Code: PC Symbol: 

Purpose 

To provide immediate, short-term erosion protection to slopes and disturbed areas, 

Conditions of Use 

1. On disturbed areas that require cover measures for !ess than 30 days. 

2. Plastic is particularly useful for protecting cut and fill slopes and stockpiles. Note that the 
relatively rapid breakdown of most bolyethylene sheeting makes it unsuitable for long-term 
applications. 

3. Clear plastic sheeting can be used over newly seeded areas to create a greenhouse effect 
and encourage grass growth. Clear .plastic should not be used for this purpose during the 
summer months because the resulting high temperatures can kill the grass. 

3. Due to rapid runoff caused by plastic sheeting, this method shall not be used upslope of 
areas that might be adversely impacted by concentrated runoff. Such areas include steep 
andlor unstable slopes. 

NOTE: There have been many problems with plastic, usually attributable to poor installation end 
maintenance. However, the material itself can cause problems, even when correctly- 
installed and maintained, because it generates high-velocity runoff and breaks down quickly 
due to ultraviolet radiation. In addition, if the plastic is not completely removed, it can clog 
drainage system inlets and outlets. It is highly recommended that alternatives to plastic 
sheeting be used whenever possible'and that its use be as limited as possible. 

Design and Installation Spdcifications 

1. ~ e e ~ i g u r e  5.4.2.3A for detail. 

2. . Plastic sheeting shall have a minimum thickness of .06 mm 

3. If erosion at the toe of slope is likely, a gravel berm, rip-rap, or other suitable protection 
shall be installed at the toe of slope in order to reduce the velocity of runoff. '. 

FIGURE 5.4.2.3A PLASTIC COVERING 1 

TIRES. 'SANDBAGS, OR EQUIVALENT 
MAY BE USED TO WCIGHT PLASTIC 

SUMS BETWEEN SHEETS MUST 
OVERLAP A MINIMUM OF 12" AND 
BE WEICHTED OR TAPED 

TOE IN SHEnlNG IN 
MINIMUM 4"Xl '  TREN 

PROVIDE ENERGY DISSIPATION 
AT TOE WHEN NEEDED 
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Maintenance Standards 

1. Torn sheets must be replaced and open seams repaired. 

2. If the plastic begins to deteriorate due to ultraviolet radiation, it must be completely 
removed and replaced. 

3. When the plastic is no longer needed, it shall be completely removed. 

6.4.2.4 TEMPORARY AND PERMANENT SEEDING 

, Code: SE Symbol: 

Purpose 

To reduce erosion by stabilizing exposed soils. A well-established vegetative cover is one of the 
most effective methods of reducing erosion. 

Conditions of Use 

1. . On disturbed areas that require seeding either because the 'area has reached final grade or 
because the area is to remain unworked for more than 30 days. 

2. In vegetation-lined channels. 

3. In retentionldetention ponds .as required. 

4. At county discretion, seeding without mulch during the dry season is allowed even though 
it will take more than seven days to develop an effective cover. ' Mulch is, however, 
recommended at all times because it protects seeds from heat, moisture loss and transport 
due to runoff. 

5. At the beginning of the wet season, all disturbed areas shall be reviewed to identify which 
ones can be seeded in preparation for the winter rains (Section 5.4.8). Disturbed areas 
shall be seeded within one week of the beginning of the wet season. A sketch map of 
those areas to be seeded and those areas to remain uncovered shall be submitted to the 
DDES inspector. The DDES inspector can require seeding of additional areas in order to 
protect surface waters, adjacent properties, or drainage facilities. 

Design and Installation Speciflcatlons 

1. . Time of Seeding The best time to seed is April 1 through June 30 and September 1 
through October 15. Areas may be seeded between July 1 and August 31, but irrigation 
may be required in order to grow adequate cover. Areas may also be seeded during the 
winter months, but it may take several months to develop a dense ground cover due to 
cold temperatures. The application and maintenance of mulch is critical for winter seeding. 

2. Site Preparation To prevent seed from being washed away, confirm that all required 
surface water control measures have been installed. 

3. Seedbed Preparation The seedbed.should be firm, but not compacted because soils that 
are well-compacted will not.vegetate as quickly or thoroughly. Slopes steeper than 3H:lV 
shall be surface roughened. Roughening can be accomplished in a variety of ways, but the 
typical method is track-walking, or driving a crawling tractor up and down the slope, 
leaving cleat imprints parallel to the slope contours. 

4. Fertilization In general, 10-20-20 (nitrogen-phosphorus-potassium) fertilizer can be used at 
a rate of 250 Ibs per acre. Slow-release fertilizers are preferred because they are more 
efficient and have fewer environmental impacts. It is recommended that areas being 
seeded for final landscaping conduct soil tests to determine the exact type and quantity of 
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fertilizer needed. This will prevent the overapplication'of fertilizer. Disturbed areas within 
200 feet of water bodies and wetlands must use non-phosphorus fertilizer. 

5. Mulching The following requirements apply to mulching: 

A. Mulch is always required for seeding slopes greater than 3H:lV (see Section 
5.4.2.1 1. 

6. If seeding during the wet segson, mulch is required. 

C. The use of mulch may be required during the dry season at the county's discretion 
if grass growth is expected to be slow, the soils are highly erodible due to soil type 
or gradient, there is a water 'body close to the disturbed area, or significant 
precipitation is anticipated before the grass will provide effective cover. 

D. Mulch can be applied on top of the seed or simultaneously by hydroseeding. 

6. Hydroseeding Hydroseeding is allowed as long as tackifier is included. Hydroseeding with 
wood fiber mulch is adequate during the dry season. During the wet season, the 
application rate shall be doubled because the mulch and tackifier used in hydroseeding " 

break down fairly rapidly. It may be necessary in some applications to include straw with 
the wood fiber, but this can be detrimental to germination. 

7. Soil Amendments Areas to be permanently landscaped shall use soil amendments. The 
addition .of stockpiled topsoil or compost reduces the need for fertilizer and improves the 

. overall soil quality. 

8. Seed Mixes The seed mixes listed below include recommended mixes for both temporafi' 
and permanent seeding. These mixe's, with the exception of the wetland mix, shall be ;- 
applied at a rate of 120 Ibslacre. This rate can be reduced if soil amendments or slow- . '  

' 

release fertilizers are used. : ! 

% Weight % Purtty % Germination 
Temporary Erosion Control Seed Mix 

I 

Chewings or red fesque 40 98 90 ' 

Festuca rubre var. commutata or Festuca rubra 
Annual or perennial rye 40 98 90 + 

Lolium multiflorum or Lolium perenn 
Redtop or colonial bentgrass 10 92 85 1 

Agrostis alba or Agrostis tenuis 
White dutch clover 10 98 90 

Trifolium repens , 

This is the standard mix for those areas where just a temporary vegetative cover is 
required. . , , . I.y 

Landscaping Seed Mix 

Perennial rye blend ' 70 . 98 90 
Lolium perenne .!-$. 

Chewings and red fescue blend 30 98 90 . .'' 

Festuca rubra var. commutata or Festuca rubra 

This mix is provided as just one, recommended possibility. Local suppliers should be 
consulted for their recommendations because the appropriate mix depends on a variety of 
factors, including exposure, soil type, slope, and expected foot traffic. 
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Bioswale Seed Mix (modified Briargreen, Inc. Hydroseeding Guide Wetlands Seed Mix) 

% Weight % Purity % Germhation 

Tall or meadow fescue 68 98 90 
Festuca arundinacea or Festuca elatior 

Seaside/Creeping bentgrass 10 98 85 
Agrostis palustris 

Meadow foxtail 10 90 80 
Alepocurus pratensis 

Alsike clover 6 9 8 90 
Trifolium h ybridum 

Redtop 6 9 2 85 
Agrostis alba 

This mix is recommended for bioswales and other intermittently wet areas. Sod shall 
generally not be used for bioswales because the seed mix is inappropriate for this 
application. Sod can be used for lining ditches to prevent erosion, but will provide little 
water quality benefit during the wet season. 

Wetlands Seed Mix 

Red fescue 3 5 90 90 
Festuca rubra 

Redtop 35 92 85 
Agrostis alba 

Meadow foxtail ' 30 90 80 
Alepocurus pratensis 

This is a recommended low-growing, relatively non-invasive seed mix appropriate for 
wetlands where a temporary cover is desired while native plants are being established. 
Other mixes may be appropriate, depending on the soil type and hydrology of the wetland. 
Apply this mixture at a rate of 60 Ibslacre with additional sprigs or rhizomes of native 
wetland plants, such as bull rush (Scirpus acutus, validus, or microcarpus), creeping spike 
rush (Eleocharis palustris), slough sedge (Carex obnupta), or others as required by the 
county. lnvasive plants such as cattail (Typha latifolia), reed canarygrass (Phelaris 
arundinacea), and purple loosestrife (Lythrum saliceria) shall not be used under any 
circumstances. 

Meedow Seed Mix 

Redtop or Oregon Bentgrass 40 92 85 
Agrostis alba or Agrostis oregonensis 

Red Fescue 40 90 90 
Festuca rubra 

White dutch clover 20 98 90 
Trifolium repens 

This mix is recommended for areas that will be maintained infrequently or not at all and 
where colonization by native plants is desirable. Likely applications include rural road and 
utility right-of-ways. Seeding should take place in September or very early October in order 
to obtain adequate establishment prior to the winter months. The appropriateness of clover 
in the mix may need to be considered as :his can be a fairly invasive species. If the soil is 
amended, the addition of clover may not be necessary. 

Maintenance Standards 

1. Any seeded areas that fail to establish at least 80 percent cover within one month shall be 
reseeded. If reseeding is ineffective, an alternate method, such as sodding or 
netslblankets, shall be used. If winter weather prevents adequate grass growth, this time 
limit may be relaxed. 
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2. After adequate cover is achieved, any areas that experience erosion shall be reseeded and 
protected by mulch. If the erosion problem is drainage related, the problem shall be fixed 
and the eroded area reseeded and protected by mulch. 

3. Seeded areas shall be supplied with adequate moisture, but not watered to the extent that 
it causes runoff. 

5.4.2.5 SODDING 

code: SO Symbol: 

Purpose 

To establish permanent turf for immediate erosion protection and to stabilize drainageways where 
concentrated overland flow will occur. 

Conditions .of Use 6 - 
- 

1. Disturbed areas that require short-term or long-term cover. 
. . 

2. ,. Disturbed areas that require immediate vegetative cover. 

3. All waterways, except biofiltration swales, that require vegetative lining. The seed mix.:i 
used in most sod is not appropriate for biofiltration swales. Waterways may also be 
seeded, rather than sodded, and protected with a net or blanket (Section 5.4.2.2). 

Design and Installetion Specifications 

The following steps are recommended for sod installation: 

1. Shape and smooth the surface to final grade in accordance with the approved grading plan. 

2. Fertilize as per supplier's recommendations. Disturbed areas within 200 feet of water ? 

bodies and wetlands must use non-phosphorus fertilizer. 

3. Work lime and fertilizer into soil 1 to 2 inches deep anb'smooth the. surface. 
7 ,  

4. Lay strips of sod beginning at the lowest area to be sodded and perpendicular to the ' 

direction of water flow. Wedge strips securely into place. Square the ends of each strip to 
provide for a close, tight fit. Stagger joints at least 12 inches. Staple on slopes steeper, 
than 3H:l V. 

5. Roll the sodded area and irrigate. 

6. When sodding is carried out in alternating strips or other patterns, seed the areas between 
the sod immediately after sodding. 

7.  Sod shall be free of weeds, of uniform thickness (approximately 1" thick), and shall have a 
. . . , dense root mat for mechanical strength. . . i" ; 

Maintenance Standards 

1. If the grass is unhealthy, the cause shall be determined and appropriate action taken to : 

reestablish a healthy  round cover: If it is impossible, to establish a healthy ground cover 
due to frequent saturation, instability, or some other cause, the sod shall be removed, the 
area seeded with an appropriate mix, and protected with a net or blanket, 
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5.4.3 PERIMETER PROTECTION 

Minimum Requirement 3 Perimeter protection to filter sediment from sheetwash shall be located 
downslope of all disturbed areas and shall be installed prior to upslope grading. Perimeter 
protection includes the use of vegetated strips, as well as more conventional, constructed 
measures, such as silt fences. During the wet season, 50 linear feet of silt fence (and the 
necessary stakes) per acre of disturbed area must be stockpiled on-site. 

Purpose The purpose of perimeter protection is to reduce the amount of sediment transported 
beyond the disturbed areas of the construction site. Perimeter protection is primarily a backup 
means of sediment control. Most, if not all, sediment-laden water is to be treated in a sediment 
trap or pond. The only circumstances in which perimeter control is to be used as a primary means 
of sediment removal is when the catchment is very small (see below). 

When to Install Perimeter protection is to be installed prior to any upslope clearing and grading. 

Measures to Use There are three perimeter protection measures in this section that can be used to 
satisfy the minimum requirement: silt fence, brush barriers, and vegetated strips. These measures 
can be used interchangeably. If surface water is collected by an interceptor dikelswale and routed 
to a sediment pond or trap, there is no need for the perimeter protection measures specified in this 
section. 

Criteria for Use as Primary Treatment At the boundary of a site, perimeter protection may be used 
as the sole form of treatment when the flow path meets the criteria listed below. If these criteria 
are not met, perimeter protection shall only be used as a backup to a sediment trap or pond. 

Average Slope Flow Path Length 

1.5H: 1 V or less 100 feet 
2H: 1 V or less 11 5 feet 
4H: 1 V or less 150 feet 
6H: 1 V or less 200 feet 

1 OH: 1 V or less 250 feet, 

5.4.3.1 SILT FENCE 

Code: SF Symbol: 

Purpose 

To reduce the transport of coarse sediment from a construction site by providing a temporary 
physical barrier to sediment and reducing the runoff velocities of overland flow. 

Conditions of Use 

1. Downslope of all disturbed areas. 

2. Silt fence is not intended to treat concentrated flows, nor is it intended to treat substantial 
amounts of overland flow. Any concentrated flows must be conveyed through the 
drainage system to a sediment trap or pond. The only circumstances in which overland 
flow can be treated solely by a silt fence, rather than by a sediment trap or pond, is where 
the area draining to the fence is small (see introduction to this section), and the average 
slope is not more than 1.5H: 1 V. 
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Design and lnstallatlon Speciflcatlons 

1. ' See Figure 5.4.3.1 A for detail. 

2. The geotextile used must meet the standards listed below. A copy of the manufacturer's 
fabric specifications must be available on-site. 

AOS (ASTM 0-4751 - - 30-1 00 sieve size (0.60-0.1 5 mm) for slit film 
50-1 00 sieve size (0.30-0.1 5 mm) for other fabrics 

water Permittivity (ASTM D-4491 = 0.02 sec-I min. 

Grab Tensile Strength (ASTM D-4632) = 180 Ibs min. for extra strength fabric 
'100 Ibs min. for standard strength fabric 

Grab Tensile Elongation(ASTM 0-4632) = 30% max. 

Ultraviolet Resistance (ASTM D-4355) = 70% min. 

3. . Standard strength fabric requires wire backing to increase the strength of the fence. Wire 
backing or closer post spacing may be required for extra strength fabric if field performance 
warrants a stronger fence. 

4; . Where the fence is installed, the slope shall be no steeper than 2 ~ : l V .  

FIGURE 6.4 .3 .1~ SILT FENCE 

\ Z'x4" WOOD POSTS. STEEL FENCE' 
NOTE: FILTER FABRIC FENCES SHALL BE POSTS. REBAA. OR EOUNALENT 
INSTALLED ALONG CONTOUR WHENEVER POSSIBLE 

~aintenance Standards J 

1 . Any damage shall be repaired immediately. 

2. If concentrated flows are evident uphill of the fence, they must be intercepted and 
conveyed to a sediment trap or pond. 

3. It is important to check the uphill side. of the fence for signs of the fence clogging and 
acting as a barrier to flow and then causing channelization of flows parallel to the fence. If 
this occurs, replace'the fence and/or remove the trapped sediment. 

4. Sediment must be removed when the sediment is.6" high. 

5. If the filter fabric has deteriorated due to ultraviolet breakdown, it shall be replaced. 
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5.4.3.2 BRUSH BARRIER 

Code: BB Symbol: m 
Purpose 

To reduce the transport of coarse sediment from a construction site by providing a temporary 
physical barrier to sediment and reducing the runoff velocities of overland flow. 

Conditions of Use 

1. Downslope of all disturbed areas. 

2. Brush barriers are not intended to treat concentrated flows, nor are they intended to treat 
substantial amounts of overland flow. Any concentrated flows must be conveyed through 
the drainage system to a sediment trap or pond. The only circumstances in which overland 
flow can be treated solely by a barrier, rather than by a sediment trap or pond, is where the 
area draining to the barrier is small (see introduction to this section) and the average slope 
is not more than 1.5H:l V. 

Design and Installation Specifications 

1. See Figure 5.4.3.2A for detail. 

' 2. Filter fabric anchored over the brush berm may be required by King County to enhance the 
filtration ability.of the barrier. 

FIGURE 5.4.3.a BRUSH BARRIER 

IF REOUIREO, DRAPE FILTER FABRIC 
OVER BRUSH AND SECURE IN 4"x4" 
MIN. TRENCH WlTH COMPACTED 
BACKFILL 

ANCHOR DOWNHILL EDGE OF 
FILTER FABRIC WlTH STAKES. 
SANDBAGS, OR EOUIVALENT 

' MIN. HEIGHT 

ALTERNATIVELY TOPSOIL STRIPPINGS 
MAY BE USED TO FORM THE BARRIER. 

Maintenance Standards 

1. There shall be no signs of erosion or concentrated runoff under or around the barrier. If 
concentrated flows are bypassing the barrier, it must be expanded and/or augmented by 
toed-in filter fabric. 

2. The dimensions of the barrier must be maintained. 



5.4.3.3 VEGETATED STRIP 

Code: VS Symbol: , A 
Purpose 

To reduce the transport of coarse sediment droni a construction site by providing a temporary 
physical barrier to sediment and reducing the runoff velocities of overland flow. 

Conditions of Use 

1. Downslope of all disturbed areas. 

2. Vegetated strips are not intended to treat concentrated flows, nor are they intended, to 
treat substantial amounts gf overland flow. Any concentrated flows must be conveyed 
through the drainage system to a sediment trap or pond. The only circumstances in which 
overland flow can be treated solely by a strip, rather than by a sediment trap or pond, is 
where the area draining to the strip is small (see introduction to this section) and the 
average slope is not more than 1.5H:l V. 

Design . and . Installation ~peciticatlons 

1. The vegetated strip shall consist of a 25-foot wide continuous strip of dense vegetation 
with a permeable topsoil. Grass-covered, landscaped areas are generally not adequate 
because the volume of sediment overwhelms the grass. Ideally, vegetated strips shall 
consist of undisturbed native growth with a well-developed soil that allows for infiltration 
of runoff. 

2. The slope within the strip shall,not exceed 4H:l V. 

3. The uphill boundary of the vegetated strip shall be delineated with clearing limits as 
specified in Section 5.4.1. 

.Maintenance Standards 
t 

. . . . 

1. Any areas damaged by erosion or construction activityshall be seeded immediately and 
protected by mulch. 

2. If more than 10 feet of the buffer .width has had vegetation removed, sod must be 
installed. 

3. If there are indications that concentrated flows are traveling across the buffer, surface 
water controls must be installed to reduce the flows entering the buffer, or additional 
perimeter protection must be installed. 

, ' -?? 
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5.4.4 TRAFFIC AREA STABILIZATION 

Minimum Requirement 4 Unsurfaced entrances, roads, and parking areas used by construction 
traffic shall be stabilized to minimize erosion and tracking of sediment off-site. Stabilized 

. construction entrances shall be installed as the first step in clearing and grading. At the county's 
discretion, road and parking area stabilization is not required during the dry season (unless dust is a 
concern) or if the site is underlain by coarse-grained soils. Roads and parking areas shall be 
stabilized immediately after initial grading. 

Purpose The purpose of traffic area stabilization is to reduce the amount of sediment transported 
off-site by construction vehicles and to reduce the erosion of areas disturbed by vehicle traffic. 
Sediment transported off-site onto paved streets is a significant problem because it is difficult to 
effectively remove, and any sediment not removed ends up in the drainage system. Additionally, 
sediment on public right-of-ways can pose a serious traffic hazard. Construction road and parking 
area stabilization is important because the combination of wet soil and heavy equipment traffic 
typically forms a slurry of easily erodible mud. Finally, stabilization also is an excellent form of 
dust control in the summer months. 

When to Install The construction entrance is to be installed as the first step in clearing and 
grading. Construction road stabilization shall occur immediately after the construction roads and 
parking areas are graded. 

Measures to Use There are two types of traffic area stabilization: (1 ) a stabilized construction 
entrance and (2) construction roadlparking area stabilization. Both measures must be used as 
specified under "Conditions of Use" for each measure. 

5.4.4.1 STABILIZED CONSTRUCTION ENTRANCE 

Code: CE Symbol: . .  4. 
Purpose 

To reduce the amount of sediment transported onto paved roads by motor vehicles or runoff by 
constructing a stabilized pad of rock spalls at entrances to construction sites. 

Conditions of Use 

1. Wherever traffic will be leaving a construction site and traveling on paved roads or other 
paved areas within 1000 feet of the site. 

Design. and Installation Specifications 

1. See Figure 5.4.4.1 A for detail. ' 

2. A separation geotextile shall be placed under the spalls to prevent fine sediment from 
pumping up into the rock pad. The geotextile shall meet the following standards: 

Grab Tensile Strength (ASTM 0-4751 ) = 200 psi min. 
Grab Tensile Elongation (ASTM 0-4632) = 30% max. 
Mullen Burst Strength (ASTM D-3786-80a) = 400 psi min. 
AOS (ASTM 0-475 1 ) = 20-45 (U.S. standard sieve size) 

3. Hog fuel may be substituted for or combined with quarry spalls in areas that will not be 
used for permanent roads. The effectiveness of hog fuel is highly variable, but it has been 
used successfully on many sites. It generally requires more maintenance than quarry 
spalls. The inspector may at any time require the use of quarry spalls if the hog fuel is not 
preventing sediment from being tracked onto pavement or if the hog fuel is being carried 
onto pavement. Hog fuel is prohibited from permanent roadbeds because organics in the 
sub-grade soils cause difficulties with compaction. 
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4. Fencing (Section 5.4.1 ) shall be installed as necessary to restrict traffic to the construction 
entrance. 

5. Whenever possible, the entrance shall be constructed on a firm, ,compacted subgrade. This 
can substantially increase the effectiveness of thcr pad and reduce the need for 
maintenance. 

FIGURE 6.4.4.1A STABILIZED CONSTRUCTION ENTRANCE 

AS PER KING COUNTY ROAD STANDARDS. 
DRIVEWAYS SHALL BE PAVED TO THE EDGE 
OF R-0-W PRIOR TO INSTALLATION OF JHE 
CONSTRUCTION ENTRANCE TO AVOID . 
DAMAGING OF THE ROADWAY 
IT IS RECOMMENDED THAT THE ' 

ENTRANCE BE CROWNED SO THAT 
RUNOFF DRAINS OFF THE PAD . 

4"-8" QUARRY SPILLS 

12" MIN. THICKNESS PROVIDE FULL WIDTH OF 
INGRESS/ECRESS AREA 

Maintenance Standards 

1. Quarry spalls (or hog fuel) shall be added if the pad is no longer in accordance with the 
specifications. 

2. If the entrance is not preventing sediment from being tracked onto pavement, then 
alternative measures to keep the streets free of sediment shall be used. This may include .' 
street sweeping, an increase in the dimensions of the entrance, or the installation of a . , 

wheel wash. .If washing is used, it shall be done on an area covered'with crushed rock,, 
and wash, water shall drain to a sediment trap or pond. 

3. Any sidiment that is tracked onto pavement shall be removed immediata by sweeping. 
The sediment collected by sweeping shall be removed or.stabilized on-site. The pavement 
shall not be cleaned by washing down the street, except when sweeping is ineffective and 
there is a threat to public safety. If it is necessary to wash the streets, the c&nstruction of 
a small sump shall be considered. . The sediment would then be washed into the sump. 

4. Any rock spalls that are loosened from the pad and end up on the roadway shall be 
removed immediately, 

5. If vehicles are entering or exiting the site at points other than the construction entrance(s1, 
fencing (Section 5.4.1) shall be installed to control traffic. , . ( 
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5.4.4.2 CONSTRUCTION ROADIPARKING AREA STABILIZATION 

Code: CRS 

- @ $ j  
Symbol: 

Purpose 

To stabilize subdivision roads, parking areas, and other on-site vehicle transportation routes 
immediately after grading in order to reduce erosion caused by construction traffic or runoff. 

Conditions of Use 

1. Wherever roads or parking areas are constructed, whether permanent or temporary, for use 
by construction traffic. 

2. Fencing (Section'5.4.1) shall be installed, if necessary, to limit the access of vehicles to 
only those roads and parking areas that are stabilized. 

Design and Installation Specifications 

1. A 6" depth of 2"-4" crushed rock, gravel base, or crushed surfacing base course shall be 
applied immediately after grading or utility installation. A 4" course of asphalt treated base 
(ATE) may also be used or the roadlpaiking area can be paved. It may also be possible to 
use cement or calcium chloride for stabilization. If the area will not be used for permanent 
roads, parking areas, or structures, a 6" depth of hog fuel may also be used, but this is 
likely to require more maintenance. Whenever possible, construction roads and parking 
areas shall be placed on a firm, compacted subgrade. 

2. Temporary road gradients shall not exceed 15 percent. Roadways shall be carefully graded 
to drain transversely. Drainage ditches shall be provided on each side of the roadway in the 
case of a crowned section, or on one side in the case of super elevated section. Drainage 
ditches shall be designed in accordance with the standards given in Section 5.4.6.3 and 
directed to a sediment pond or trap. 

3. Rather than relying on ditches, it may also be possible to grade the road so that runoff 
sheetflows into a heavily vegetated area with a well-developed topsoil. Landscaped areas 
are not adequate. If this area has at least 50 feet of vegetation, then it is generally 
preferable to use the vegetation to treat runoff, rather than a sediment pond or trap. The 
50 feet shall not include vegetated wetlands. If runoff is allowed to sheetflow through 
adjacent vegetated areas, it is vital to design the roadways and parking areas so that no 
concentrated runoff is created. 

4. In order to control construction traffic, the county can require that signs be erected on-site 
informing construction personnel that vehicles, other than those performing clearing and 
grading, are restricted to stabilized areas. 

Maintenance Standards 

1 , Crushed rock, gravel base, hog fuel, etc. shall be added as required to maintain a stable 
driving surface and to stabilize any areas that have eroded. 

5.4.5 SEDIMENT RETENTION 

Minimum Requirement 5 Surface water collected from disturbed areas of the site shall be routed 
through a sediment pond or trap prior to release from the site. An exception is for areas at the 
perimeter of the site with drainage areas small enough ,to be treated solely with perimeter 
protection (Section 5.4.3). Also, if the soils and topography are such that no off-site discharge of 
surface water is anticipated up to and including the developed ?-year, 24-hour design storm, 
sediment ponds and traps are not required. No discharge up to and including the developed 10- 
year, 24-hour design storm shall be required if the project size, expected timing and duration of 



K I N 0  C O U N T Y ,  W A S H I N O T O N ,  S U R F A C E  W A T E R  D E S I G N  M A N U A L  

construction, or downstream conditions warrant a higher level of protection (see below). At the 
county's discretion, sites may be worked during the dry season without'sediment ponds and traps 
if there is some other form of protection of surface waters, such as a 1 00-foot, forested buffer 
between the disturbed areas and adjacent surface waters. Protection of catch basins is required 
for inlets that are likely to be impacted by sediment generated by the project and that do not drain 
to an on-site sediment pond or trap. Sediment retention facilities shall be installed prior to grading 
of any contributing area. 

Purpo~e The purpose of sediment retention facilities is , to . remove sediment from runoff generated 
from disturbed areas. 

When to Install The facilities shall be constructed as the first step in the clearing and grading of 
the site. The surface water conveyances can then'be connected to the facilities as site 
development proceeds. 

Measures to Use There are three sediment, retention measures in this section. The first two, , 

sediment traps and ponds, serve the same function, but for different size catchments. All runoff 
from disturbed areas must be routed through a trap or pond except for ven/ small areas as - - 
specified in Section 5.4.3. The third measure is for catch basin protection. It is only to be used in 
limited circumstances and is not a primary sediment treatment facility. It is only intended as a ' 

backup in the event of failure of other systeins on-site. 

Use of Permanent Drainage ~acllitles All projects that are constructing permanent facilities for ' 
runoff quantity control are strongly encoura~ed to use the rough-graded or final-graded permanett 
facilities for ponds and traps. This includlis'combined facilities and infiltration facilities. When 
permanent facilities are used as temporary sedimentation facilities, the surface area requirements of 
sediment traps (for drainages less than 3 acres) or sediment ponds (more than 3 acres) must be, 

. +met. If the surface area requirements are larger than the surface area'of.the permanent facility, ' 

then the pond shall be enlarged to comply with the surface area requirement. The permanent pond 
shall also be divided into two cells as per the requirements for sediment ponds. Either a permanent 
control structure or the temporary control structure described in Section 5.4.5.2 can be used. If a 
permanent control structure is ,used, it may be advisable to partially restrict the lower orifice with 
gravel to increase residence time while still allowing dewatering of the pond. . . 
If infiltration facilities are to be used, the sides and bottom of the facility must only be rough 
excavated to a mini?lum of two feet above final grade. Excavation should be done with a backhoe 
working at "arms lengthn to'minimize disturbance and compaction of the infiltration surface. 
Additionally, any required pretreatment facilities shall be fully constructed prior to any release of 
sediment-laden water to the facility. Pretreatment and shallow excavation are intended to prevent 
the clogging of soil'with fines. Final grading of the infiltration facility shall occur only when all .. 
contributing drainage ... areas , are fully stabilized (Section 5.4.1 1). 

Selection of the Deslgn Storm In most circumstances, the use of the standard 2-year, 24-hour ' 
design storm is sufficient for calculating surface area for ponds and traps and for determining 
exemptions to minimum requirements 5 and 6. In some circumstances,' however, the 10-year, 24: 
hour storm should be used. Examples of such circumstances include: 

Sites that are in proximityto salmonid streams, Class 1 wetlands, and phosphorus-sensi~~ 
lakes, such as Lake Sammamish. 
Sites where major clearing and grading is likely to occur during the wet season. 

, . Sites with downstream erosion or sedimentation problems. 

Natural Vegatatlon Whenever possible, sediment-laden water shall be discharged into on-site, . 
relatively level, vegetated areas. Thisis the only way to effectively rembve fine particles from +:,'?, 

runoff. This can be particularly useful after initial treatmerit in a sediment retention facility. The 
areas of release must be evaluated on a site-by-site basis in order to determine appropriate 
locations for and methods of releasing runoff. Vegetated wetlands shall not be used for this :-'. . 
purpose. Frequently, it may be possible to pump water from the collection point at the downhill ." 
end of the site to an upslope vegetated area. Pumping shall only augment the treatment system, 
not replace it because of the possibility of pump failure or runoff volume in excess of pump . , capacity. i 
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6.4.6.1 SEDIMENT TRAP 

Code: ST Symbol: 

Purpose 

To remove sediment from runoff originating from disturbed areas of the site. Sediment traps are 
typically designed to only remove sediment as small as medium silt (0.02 mm). As a consequence, 
they usually only result in a small reduction in turbidity. 

Conditions of Use 

1. A sediment trap shall be used where the contributing drainage area is 3 acres or less. 

Design and lnrtallatlon Specifications 

1. See Figure 5.4.5.1A for detail. 

2. If permanent runoff control facilities are part of the project, they should be used for 
sediment retention (see the introduction to this section). 

3. To determine the trap geometry, first calculate the design surface area (SA) of the trap, 
measured at the invert of the weir . Use the following equation: 

where: 

Q2 = Design inflow based on the peak discharge from the developed 2-year, 24-hour 
design storm from the contributing drainage area as computed in the hydrologic 
analysis. The 10-year, 24-hour design storm shall be used if the project size, 
expected timing and duration of construction, or downstream conditions warrant 
a higher level of protection. If no hydrologic analysis is required, the rational 
method may be used (Section 4.3.3). 

Vs .= The settling velocity of the soil particle of interest. The 0.02 mm (medium silt) 
particle with an assumed density of 2.65 g/cm3 has been selected as the particle 
of interest and has a settling velocity (V,) of 0.00096 ftlsec. 

FS = A factor 'of safety of 2 to account for non-ideal settling. 

Therefore, the equation for computing surface area becomes: 

SA =2 x Q210.00096 or 2080 square feet per cfs of inflow 

NOTE: Even if permanent facilities are used, they must still have a surface area that is at 
least as large as that derived from the above formula. If they do not, the pond must be 
enlarged. 

4. To aid in determining sediment depth, all traps shall have a staff gauge with a prominent 
mark 1 foot above the bottom of the trap. 
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FIGURE 6.4.5.1A SEDIMENT TRAP 

1 FLAT BOTTOM 

SURFACE AREA DETERMINED 
AT TOP OF WEIR r - - A  

' \  2"-4" ROCK 
WASHED GRAVEL 

NOTE: TRAP MAY BE FORMED BY BERM OR BY 
PARTIAL OR COMPLETE EXCAVATION DISCHARGE TO S~ABILIZED 

CONVEYANCE, OUTLET OR 
LEVEL SPREADER 

CROSS-SECTION 

k- 6' MIN. 
' . ,.. 

NATIVE SOIL 

MIN. 1 '  DEPTH 3/4"-1.5" 
WASHED GRAVEL 

TRAP OUTLET 

Maintenance Standards 

1. sediment shall be .removed from the trap when itreaches 1 foot in depth. 

2. Any damage to the trap embankments or slopes shall be. repaired. 

5.4.5.2 SEDIMENT POND 

A A  

Code: SP 

I i 

Symbol: 

Purpose 

To remove sediment from runoff originating from disturbed eiees of the site. Sediment traps are 
typically designed to only remove sediment as small as medium silt (0.02 mm). As a consequence, 
they usually reduce turbidity only slightly. : 

Conditlons of Use 

1. A sediment pond shall be used where the contributing drainage area is 3 acres or more. 
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Design and lnstallatibn Specifications 

1 . See Figures 5.4.5.2A1 5.4.5.28, and 5.4.5.2C for details. 

2. If permanent runoff control facilities are part of the project, they should be used for 
sediment retention (see introduction to this section). 

Determining Pond Geometry 

1. Obtain the discharge from the hydrologic calculations of the peak flow for the 2-year, 24- 
hour developed storm (Q 1. The 10-year, 24-hour design storm shall be used if the project 
size, eipected timing and duration of construction, or downstream conditions warrant a 
higher level of protection. If no hydrologic analysis is required, the rational method may be 
used (Section 4.3.3). 

2. Determine the required surface area a t  the top of the riser pipe with the equation: 

SA =2 x Q210.00096 or 2080 square feet per cfs of inflow 

See Section 5.4.5.1 for more information on the derivation of the surface area calculation. 

3. The basic geometry of the pond can now be determined using the following design criteria: 

Required surface area at top of riser. 
Minimum 3.5' depth from top of riser to bottom of pond. 
Maximum 3:1 interior side slopes and maximum 2:1 exterior slopes. The interior 
slopes can be increased to a maximum of 2:1 if fencing is provided at or above the 
maximum water surface. 
One foot of freeboard between the top of the riser and the crest of the emergency 
spillway. 
Flat-bottomed. 
Minimum one foot deep spillway. 
Length to width ratio between 3: 1 and 6: 1. 

Sizing of Discharge Mechanisms 

Principal Spillway Determine the required diameter for the principal spillway (riser pipe). The 
diameter shall be the minimum necessary to pass the pre-developed 10-year, 24-hour design storm 
(Q,,). Use Figure 4.4.7J to determine this diameter ( h = one foot). Note that a permanent 
control structure may be used instead of a temporary riser. 

Emergency Overflow Spillway Determine the required size and design of the emergency overflow 
spillway for the 100-year, 24-hour developed design storm using the procedure in Section 4.4.4 
(Emergency Overflow Spillway subsection). 

Dewatering Orifice Use the following steps to determine the size of the dewatering orifice: 

1. Determine the size of the dewatering orifice(s1 (minimum 1" diameter) using a modified 
version of the discharge equation for a vertical orifice and a basic equation for the area of a 
circular orifice. First, determine the required area of the orifice with the following equation: 

where: A, = orifice area (square feet) 

As = pond surface area (square feet) 

h = head of water above orifice (height of riser in feet) 
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T = dewatering time (24 hours) 

g - acceleration of gravity (32,2 feet/second2) 

2. Convert the required surface area to the required diameter of the orifice: - 
The orifice diameter (D) in inches is: D = 2 4  x i %  

3. The vertical, perforated tubing connected to the dewatering 'orifice must be at least 2 
inches larger in diameter than the orifice to improve flow characteristics. The size and 
number of .performations in the tubing should be. large enough -so that the tubing does not 
restrict flow., The flow rate should be controlled by the orifice. 

Additional Design Speclflcatlons 

Pond Divider The pond shall be divided into two roughly equal volume cells by a permeable divider 
that will reduce turbulence while allowing ,movement 'of water between cells. The divider shall be- 
a t  least one-half the height of the riser and a minimum of 1 foot below the top of the riser. Wire- 
backed, 2-3 .feet high, extra strength filter,fabric (Section 5.4.3.1 ) supported 'by treated 4"x4"s 
can be used as a divider. Alternatively, staljed straw bales wrapped with filter fabric may be used. 
If the pond is more than 8 feet deep, a different mechanism must be proposed. A riprap 
embankment is one acceptable method of separation for deeper ponds. Other designs that satisfy 
the intent of this provision are allowed as long as the divider is permeable, structurally sound, and 

. designed to prevent erosion under or around the barrier. 

Depth Gauge. To aid in determining sediment depth, one-foot intervals shall be prominently marked 
on the riser. 

. , 
. . 

Embankment If an embankment of more than 6 feet is proposed, the pond must comply with the 
criteria for Berm EmbankmentlSlope Stabilization in Section 4.4.4. 

FIGURE 6.4.6.2A SEDIMENT POND PLAN VIEW 

. . 

THE PONO LENGTH'S 
TIMES THE MAXIMUU I 

INFLOW 

DISCHIROE TO STABILIZED 
CONMYANCE. ounn  OR 
L M L  SPREADER 

NOTE: POND MY BE FORMEO BY BERM OR 
BY PUITUL OR COMPLETE EXCAVATION . 
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FIGURE 6.4.6.2B SEDIMENT POND CROSS-SECTION 

RISER PIPE 
(PRINCIPAL SPILLWAY) 

PER FIG. 4.4.4 N. EMEANKMEhl COMPACTED 85%. 

DEWATCRING O M C E  
PERVIOUS MATERIALS SUCH AS 

(SEE RISER DETAIL) 
GRAVEL OR CLEAN SAND SHALL 
NOT BE USED. 

- - - - - - - - -  - - - - - - - - - - - -  

WIRE-BACKED SILT FENCE. 
STAKED H A Y W E S  WRAPPED 
WITH FILTER FABRIC. OR 
EOUNALENT DNIDER 

DISCHARGE TO S 
CONCRETE EASE CONVEYANCE. OUTLET OR 
(SEE RISER DETAIL) LEVEL SPREADER 

FIGURE 6.4.6.2C SEDIMENT POND RISER DETAIL 

POLYETHYLENE W PROVIDE ADEOUATE 
\ STRAPPING 

t t- ALTERNATMLY. METAL STWES lFjlN I CONCRETE EASE 
AND WIRE MAY BE USED TO 
P R M N T  FLOTATION 

ZX RISER 0 .  .IN. -4 

Maintenance Standards 

1. . Sediment shall be removed from the pond when it reaches 1 foot in depth. 

2. Any damage to the pond embankments or slopes shall be repaired. 
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5.4.6.3 STORM DRAIN INLET PROTECTION 

Code: FFP or CBI Symbol: 

Purpobe 

To prevent coarse sediment from entering storm drainage systems. 

Conditions of Use 

1. All storm drain inlets downslope and within 500 feet of a disturbed area, unless the runoff 
that enters the.catch basin will be conveyed to a sediment pond or trap. 

2. ' ' All storm drain inlets downslope and within 500 feet of a construction entrance, unless the 
runoff that enters the catch basin will be conveyed to a sediment pond or trap. 

3. . Inlet protection may be used anywhere at the' applicant's discretion to protect the drainage 
system. This will, however, require more maintenance, and it is highly likely that the 
drainage system will still require some cleaning. 

4. There are two options for protecting storm drain inlets: catch basin inserts and filter fabric 
protection. Catch basin inserts are manufactured devices that nest inside a catch basin. 
Filter fabric protection is filter fabric placed ~ ~ f l l  the grate. Both options are much simpler 
to maintain than many other methods of storm drain inlet protection and are not a hazard 

- to traffic. Both options provide adequate protection, but filter fabric is likely to result in 
ponding of water above the catch basin, while the insert will not. Thus, filter fabric is.only 
allowed where ponding will not be.a traffic concern and where slope erosion will not result 
if the curb is overtopped by ponded water. 

5. It is sometimes possible to construct a small sump around the catch basin before final 
surfacing of the road: This is allo'wed because it can be a very effective 'method of 

1 : sediment control. . , 

NOTE: Trapping sediment in the catch basins is unlikely to improve the water quality of runoff if it 
is treated in a pond or trap because, the coarse particles that are trapped at the catch  basin^ 
settle out very quickly in the pond'or trap. Catch basin protection normally only improves 
water quality where there is no treatment facility downstream. In these circumstances, 
catch basin protection is,an important, last line of defense. It is not; however, a substitute 
for preventing erosion. 

In addition, the use of catch basin protection has been severely scaled back and revised ; 
from previous versions of,this manual due to field observations. The traditional method of 
protection has been placement of filter fabric under the grate of the catch basin. This ' 

method is very difficult to maintain, leads to ponding, and can cause substantial erosion : 
1. '. because curbs can be overtopped, and concentrated runoff then. erodes slopes. The .. , 

placement of filter fabric under grates is therefore prohibited 'and. the use of filter fabric over 
. grates is strictly limited and discouraged. 
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Design CriterialSpecRcations 

1. See Figures 5.4.5.3A and 5.4.5.38 for details. 

-- - 

FIGURE 5.4.6.3A FILTER FABRIC PROTECTION 

STANDARD STRENGTH 
FILTER FABRIC \ - GRATE 

'4 J 

CATCH BASIN 

NOTE: ONLY TO BE USED WHERE 
PONDING OF WATER ABOVE THE 
CATCH BASIN WlLL NOT CAUSE 
TRAFFIC PROBLEMS AND WHERE 
OVERFLOW WlLL NOT RESULT IN 
EROSION OF SLOPES. 

FIGURE 6.4.5.38 CATCH BASIN INSERT 

FILTER 
FOR OI 

/--CATCH BASIN ,CRATE 

NOTE: THIS DETAIL IS ONLY 
SCHEMATIC. ANY INSERT IS 
ALLOWEO THAT HAS A MIN. 
0.5 C.T. OF STORACE. THE MEANS 
TO DEWATER THE STORE0 
SEDIMENT, AN OVERFLOW. AN0 
CAN BE EASILY MAINTAINED. 

Maintenance Standards 

1. Any accumulated sediment on or around the filter fabric protection shall be removed 
immediately. Sediment shall not be removed with water, and all sediment must be 
disposed of as fill on-site or hauled off-site. 

2. Any sediment in the catch basin insert shall be removed when the sediment has filled one- 
third of the available storage. The filter media for the insert shall be cleaned or replaced at 
least monthly. 

3. Regular maintenance is critical for both forms of catch basin protection. Unlike many forms 
of protection that fail gradually, catch basin protection will fail suddenly and completely if 
not maintained properly. 

5.4.6 SURFACE WATER CONTROL 

Minlmum ~equire'ment 6 All surface water from disturbed areas shall be intercepted, conveyed to 
a sediment pond or trap, and discharged downslope of'any disturbed areas. An exception is for 
areas at the perimeter of the site with drainage areas small enough to be treated solely with . 
perimeter protection (Section 5.4.3). Also, if the soils and topography are such that no off-site 
discharge of surface water is anticipated up to and including the developed 2-year, 24-hour design 
storm, surface water controls are not required. No discharge up to and including the 10-year, 24- 
hour design storm shall be required if the project size, expected timing and duration of 
construction, or downstream conditions warrant a higher level of protection (see the introduction 
to Section 5.4.5). At the county's discretion, sites may be worked during the dry season without 
surface water controls, if there is some other form of protection of surface waters, such as a loo-. 
foot, forested buffer between the disturbed areas.and adjacent surface waters. Significant sources 
of upslope surface water that drain onto disturbed areas shall be intercepted and conveyed to a 
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stabilized discharge point downslope of the disturbed areas. Surface water controls shall be 
installed concurrently with rough grading. 

Purpose The purpose of surface water control is to collect and convey surface water so that 
erosion is minimized, and runoff from disturbed areas is treated by a sediment pond or trap. 
Surface water control essentiall3 consists'of three elements:. 

1. Interception of runoff o n  and. above slopes. 
2. Conveyance of the runoff to a sediment pond or trap (if the runoff was collected 

from a 'disturbed area). 
3. Release,of the runoff downslope of any disturbed areas. 

When to Install Surface water controls shall be constructed during the initial grading of an area 
and must be in place before there is any opportunity for storm runoff to cause erosion. 

~easures to Install Interceptor dikes/swales'intercept runoff, ditches and pipe slope drains convey 
the runoff, and ,riprap or level spreaders are used to release the runoff in a non-erosive manner. 
Each measure is to be used under different circumstances so there is very little overlap. , However,, 
the two options for releasing water in a non:erosive manner, outlet protection and level spreaders, 
can be somewhat interchangeable. See Figure 5.4.6A for, a schematic, drawing demonstrating the 
use of these measures. 

FIGURE 5.4.6A SKETCH PLAN OF SURFACE WATER CONTROLS 

' FLOW I - 

PIPE SLOPE DRAIN 

E OF 

II. I 

SLOPE 

.OPE 
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5.4.6.1 INTERCEPTOR DIKE AND SWALE 

Code: ID or IS Symbol: 

Purpose 

To intercept storm runoff from drainage areas on or above disturbed slopes and convey it to a 
sediment pond or trap. Interceptor dikes and swales can also be used to intercept runoff from 
undisturbed areas and convey the runoff to a point below any exposed soils. Interception of 
surface water reduces the possibility of slope erosion. Interceptor dikes and swales differ from 
ditches (Section 5.4.6.3) in that they are intended to convey smaller flows along low-gradient 
drainageways to larger conveyances such as ditches or pipe slope drains. 

Conditions of Use 

1. This practice is required at the top of all slopes in excess of 3H: 1 V and with more than 20 
feet of vertical relief. 

2. It is required at intervals on any slope that exceeds the dimensions specified in this section 
for the horizontal spacing of dikes and swales. 

Design and Installation Specifications 

1. See Figure 5.4.6.1A for'detail of interceptor dike and Figure 5.4.6.16 for detail of 
interceptor swale. 

2. Horizontal spacing of interceptor dikes and swales: 

Average Slope Spacing 

3-5 % 300 feet 
5-10% 200 feet 
10-25% 100 feet 
25-50% 50 feet 

3. For slopes steeper than 2H: 1 V with more than 10 feet of vertical relief, benches may be 
constructed or closer spaced interceptor dikes or swales can be used. Whichever measure 
is chosen, the spacing and capacity of the measures must be designed by the engineer and 

, the design shall include provisions for effectively intercepting the high velocity runoff 
associated with steep slopes. 

4. If the dike or swale intercepts runoff from disturbed areas, it shall discharge to a stable 
conveyance that routes the runoff to a sediment pond or trap (Section 5.4.5). If the dike 
or swale intercepts runoff that originates from undisturbed areas, it shall discharge to a 
stable conveyance that will route the runoff downslope of any disturbed areas and release 
the water at a stabilized outlet. 

5. Construction traffic over temporary dikes and swales shall be minimized. 
, .  . 
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FIGURE 6.4.6.1~ INTERCEPTOR DlKE 

.2:1 MAX. SLOPE 
DlKE MATERIAL COMPACTED 

I 2' MIN. I 
80% MODIFIED,PROCTOR / 1 

-UT 
11-1 '- . DIKE SPACING DE@ENDS ON SLOPE GRADIENT - ' 

FIGURE 5.4.6.1 B INTERCEPTOR SWALE 

2:l MAX. SLOPE 

Maintenance ,Standards 

1. . Damage resulting from runoff or con~truction activity shall be repaired immediately. a ,- 

2. If the facilities do not regularly retain storm runoff, the capacity andlor frequency of the 
-- ' 

dikeslswales shall be increased. 

5.4.6.2 PIPE SLOPE DRAINS 

t 

Code: PD Symbol: 

Purpose 

To carry concentrated runoff down steep slopes without causing erosion, or saturation of slide- 
prone soils. . . 

, , 

Conditions of Use 

1. On any slope k i th  a gradient of 2 ~ : 1 ~  or greater and with at least 10 feet of vertical relief. 

2. Rock-lined ditches or other permanent, non-erosive conveyances may also be used to 
convey runoff down steep slopes. 

Design and Installation Speciflcatlons 

1. See Figure 5.4.6.2A for detail. 

2. The capacity for temporary drains shall be sufficient to handle the peak.flow from a 10- 
year, 24-hour design storm. The peak flow may be computed using the rational method 
described in Section 4.3.3. 
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3. The maximum drainage area allowed per pipe is 10 acres. For larger areas, more than one 
pipe shall be used or a rock-lined channel shall be installed (see Section 4.3.7, Open 
Channels). 

4. The soil around and under the pipe and entrance section shall be thoroughly compacted. 

5. . The flared inlet section shall be securely connected to the slope drain and have gasketed, 
watertight connecting bands. 

6. Slope drain sections shall be securely fastened together with gasketed watertight fittings, 
and be securely anchored into the soil. 

7. Where slope drains cross steep slope hazard areas or their associated buffers, the 
installation shall be accomplished with minimum alteration. In most circumstances, this 
requires that slope drains be constructed of HDPP and installed by hand (Section 4.3.6). 
Any area disturbed during installation or maintenance must be immediately stabilized. 

8. If the pipe slope drain will convey sediment-laden runoff, the runoff must be directed to a 
sediment retention facility (Section 5.4.5). If the runoff is not from a disturbed area or is 
conveyed from a sedinient trap or pond, it must be conveyed to a stabilized discharge point 
(Section 5.4.6.4). 

FIGURE 5.4.6.2A PIPE SLOPE DRAIN 

Maintenance Standards 

1.  The inlet shall not be undercut or bypassed by water. If there are problems, the head wall 
shall be appropriately reinforced. 

2. No erosion shall occur at the outlet point. If erosion occurs, additional protection shall be 
added. 

5.4.6.3 DITCHES 

Code: Dl Symbol: 

Purpose 

To convey intercepted runoff from disturbed areas to and from sediment pondsttraps. Also, to 
, convey runoff intercepted from undisturbed areas around the site to a non-erosive discharge point. 
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. Condltions of Use 

1. Anywhere that concentrated runoff is to be conveyed on or around the construction site. 
Temporary pipe systems can also be used to convey runoff. 

Design and Installation Specifications 

1. Channels and ditches shall be sized to accommodate the peak flow from the 10-year, 24- 
hour design storm with 0.5 feet of freeboard . If'no hydrologic analysis required the rational 
method may be used. (Section 4.3131, 

2. See Section 4.3.7 for requirements for open-channel design requirements. 

3. The only exception to,the requirements of Section 4.3.7 is the use of check dams, rather 
than grass-lining, for channels in which the design flow velocity does not exceed 5 fps, 
See Figure 5.4.6.3A for details on,check dam installation. 

FIGURE 5.4i8.3~' CHECK DAMS 

ROCK MUST COMPLETELY COVER THE 
/BOTTOM AND SIDES OF THE. DITCH 

CROSS SECTION 

2:l SLOPES 

L = THE DISTANCE SUCH THAT POINTS . . ' O  ' '-1 1 l= l l .g~- l  
A AND 0 ARE OF EQUAL ELEVATION ~ 4 4  

CHECK DAM SPACING 

Maintenance Standards 

1. Any sediment deposition of more than 0.5 feet shall be removed so that the channel is 
I '  restored to its design capacity. 

2; If the channel capacity is insufficient for the design storm, it must be determined whether 
the problem is local (e.g., a constriction or bend) or the channel is underdesigned. If the' 
problem is local; the channel capacity must be increased through construction of a berm(s) 
or by excavation. if the problem is underdesign;the design engineei shall be notified and 
the channel redesigned to a more conservative standard to be approved by King County. 

3. The channel shall be examined for signs of scouring and erosion of the bed and banks. If 
scouring or erosion has occurred, affected areas shall be protected by rip-rap or an erosion 
control blanket or net. 
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5.4.6.4 OUTLET PROTECTION 

Code: OP Symbol: 

Purpose 

To prevent scour at conveyance outlets. 

Conditions of Use 

1. At the outlets of all ponds, pipes, ditches, or other approved conveyances, and where 
runoff is conveyed to a natural or man-made drainage feature such as a stream, wetland, 
lake, or ditch. 

Design and lnstallation Specifications 

1. Outlet protection shall meet the requirements of the Outfalls section of Core Requirement 
#4 and Section 4.3.6. 

Maintenance Standards 

1. If there is scour at the outlet, the eroded area shall be protected with more conservative 
measures proposed by the design engineer and approved by King County. 

5.4.6.5 LEVEL SPREADER 

Code: LS Symbol: l+!GVfi 
Purpose 

To convert concentrated runoff to sheet flow and release it onto areas stabilized by existing 
vegetation. 

Conditions of Use 

1. Where runoff from undisturbed areas or sediment retention facilities is discharged. This 
practice applies only where the spreader can be constructed on undisturbed soil and the 
area below the level lip is vegetated and low gradient (see below). 

NOTE: Level spreaders are conceptually an ideal way to release stormwater since the vegetation 
and soil allow for the removal of fines from runoff that cannot be removed by settling or filtration. 
Unfortunately, the performance record of spreaders in the field is dismal. They are frequently 
underdesigned and, despite the best installations, are rarely perfectly level, which results in the 
release of stormwater at a particular point. This concentrated runoff can result in catastrophic 
erosion downslope. Given such design failures, the use of spreaders is not encouraged. However, 
where slopes are gentle and the water volume is relatively low, spreaders may still be the best 
method. When proposing their use, the designer shall carefully evaluate the site for possible 
concerns. 

Design and lnstallation Specifications 

1. See Figure 5.4.6.5A for detail. Other designs may be used subject to county approval. 

2. If runoff velocity as it enters the level spreader is more than 4 fps for the 10-year, 24-hour 
design storm, a rip-rap apron must be provided to dissipate energy before the runoff enters 
the spreader (Section 5.4.6.4). 

3. The total spreader length shall be at least the square root of the catchment area. The 
maximum length for an individual spreader is 50 feet, limiting the catchment area that a 
single spreader may serve to 2500 square feet; Although, this is very small, four 50-foot 
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spreadersnext to one another could serve nearly an acre (40,000 square feet). Multiple 
spreaders shall not be placed uphill or downhill from one another in a configuration that 
would allow water released from.one spreader to enter a downslope spreader. 

4. The area below the spreader for a horizontal distance of 100 feet shall not exceed 20 
percent and shall be completely vegetated with no areas of instability or erosion. The 
topography for a horizontal distance'of 50 feet below the spreader shall be uniform so that 
runoff is not funneled into a swale or channel immediately after its release. 

5. The level spreader shall be seeded and mulched in accordance with Section 5.4.2. 

FIGURE 6.4.6.6A LEVEL SPREADER 

LESS T H A N  5:l 
1 '  MIN. 

' I .I' 

CROSS SECTION 3 

SPREADER MUST BE LEVEL TREATED 2"XlO' MAY BE ABUTTED 
END TO END FOR MAX. SPREADER 
LENGTH OF 50' 

18" MIN. REBAR SUPPORTS 
8' WIN. SPACING 

ALTERNATIVELY. 6" DIA. CMP MAY BE USED AS A SPREADER. 
T H E  PIPE SHALL BE BURIED SO THAT ONLY 1" EXTENDS ABOVE GROUND. 

DETAIL OF SPREADER 

Maintenance Standards 

1. Any damage to the spreader shall be immediately repaired. 

2. , 
The downslope.area shall be checked for signs of erosion and to verify that the spreader,is. 
not functioning as a point discharge.' Any eroded areas shall be ,immediately, stabilized, and 
the cause determined and eliminated if possible. If the erosion is recurrent and the.design, 
even when properly installed and maintained, is not adequate to prevent erosion, a new 
method of releasing runoff shall be installed in accordance with the standards of this 
chapter. Any new design must be approved by King County. 
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5.4.7 DUST CONTROL 

Minimum Requirement 7 Preventative measures to minimize the wind transport of soil shall be 
taken when a traffic hazard may be created or when sediment transported by wind is likely to be 
deposited in water resources. 

Purpose To prevent wind transport of dust from exposed soil surfaces onto roadways, 
drainageways, and surface waters. 

When to Install When exposed soils are dry to the point that wind transport is possible and 
roadways, drainageways or surface waters are likely to be impacted. 

Measures to lnstall Water is the most common dust control (or palliative) used in the area. When 
using water for dust control, the exposed soils shall be sprayed until wet, but runoff shall not be 
generated by spraying. Calcium chloride may also be used for dust control. Exposed areas shall 
be resprayed as needed. Oil shall not be used for dust control. 

5.4.8 WET SEASON REQUIREMENTS 

Minimum Requirement 8 Any site with exposed soils during the wet season (October 1 to March 
31 shall be subject to the special provisions below. In addition to the cover requirements in 
minimum requirement 2, these provisions include covering any newly seeded areas with mulch and 
identifying and seeding as much disturbed area as possible the first week of October in order to 
provide grass cover for the wet season. 

Wet Season Special Provisions 

All of the following provisions are detailed in the referenced sections. These requirements are 
listed here for the convenience of the designer and the reviewer. 

1. The allowed time that a disturbed area can remain unworked without cover measures is 
reduced to two days, rather than seven (Section 5.4.2). 

2. Stockpiles and steep cut and fill slopes are to be protected if unworked for more than 12 
hours (Section 5.4.2). 

3. Cover materials sufficient to cover all disturbed areas shall be stockpiled on-site (Section 
5.4.2). 

4. All areas that are to be unworked during the wet season shall be seeded within one week 
of the beginning of the wet season (Section 5.4.2.4). 

5. Mulch is required to protect all seeded areas (Section 5.4.2.4). 

6. 50 linear 'feet of silt fence (and the necessary stakes) per acre of disturbance must be 
stockpiled on-site (Section 5.4.3). 

7 .  Construction road and parking lot stabilization are required for all sites unless the site is 
underlain by coarse-grained soil (Section 5.4.4). 

8. Sediment retention is required unless no off-site discharge is anticipated for the specified 
design storm (Section 5.4.5). 

9. Surface water controls are required unless no off-site discharge is anticipated for the 
specified design storm (Section 5.4.6). 

10. . Phasing and more conservative BMPs must be evaluated for construction activity near 
surface waters (Section 5.4.9). 

1 1 . The frequency of maintenance review increases from monthly to weekly (Section 5.4.10). 
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5.4.9 SENSITIVE AREAS RESTRICTIONS 

Minimum Requirement 9 Any construction that will result in disturbed areas on or within a stream 
or associated buffer, a Class 1 or 2 wetland or associated buffer, or within 50 feet of a lake shall 
be subject to the special provisions below. These provisions include, whenever possible, phasing 
the project so that construction in these areas is limited to the dry season. Also, more 
conservative BMPs shall be considered by the design engineer in order to protect surface water 
quality. The county may require more conservative BMPs, including more stringent cover 
requirements. Any project proposing work within 50 feet of a steep slope hazard area shall 
evaluate the need for diverting runoff that might flow over the top of the slope. 

Sensitive Areas Special Provisions 

Any project that disturbs areas on or within a stream or associated buffer, a Class 1 or 2 wetland 
or associated buffer, or within 50 feet of a lake has the potential to seriously damage water 
resources, even if the project is relatively'small. While it is difficult to require specific measure8 for 
such projects because the TESC plan must be very site specific, the following recommendations 
shall be incorporated into the plan where appropriate: . .  I 

whenever-possible, phase all or pa? of the project so that it occurs during the dry season. 
If this is impossible, November through February shall be avoided since this is the most :. 
likely period for large, high-intensity' storms. I .  . 

Any project shall be complete'd iind stabilized as quickly as possible. Limiting the size end 
duration of a project is probably the most effective form of erosion control. 

Where appropriate, sandbags or an equivalent barrier shall be constructed between the 
project area and the surface water ib order to isolate the construction area from high water 
that might result due to precipitation. , ' 

4. Additional perimeter protection shall be considered to reduce the likelihood of sediment 
entering the surface waters. Such protection might include multiple silt fences, silt fencer 
with a higher AOS, construction of a berm, or a thick layer of organic mulch upslope of .a 
silt fence. 

. , 

5.  If work is to occur within the ordinary high water mark of a stream, most projects must 
. isolate the work area from the stream by diverting the stream or by the construction of a . 

coffer dam. Certain small projects that propose only a small amount of grading may not 
require isolatipn since diversions typical19 result in disturbance and the release of some s2 

sediment to the stream. For such,. small projects, the potential impacts from construction 
with and without a diversion must be weighed. 

6. If a stream must be crossed, a temporary bridge shall be considered rather than allowing ' 

equipment to utilize the streambed for a crossing. 

7.. Any runoff generated by dewatering' shall be treated through construction of a sediment 
trap and/or by releasing the water to a well-vegetated, gently sloping area. Since pumps " 
are used for dewatering, it may be possible to pump the sediment-laden water well away 
from the surface water so that vegetation can be more effectively utiliied for treatment.'. 

8. For projects in or near a salmonid stream, it may be appropriate to-monitor the composido~ 
of any spawning gravels within a quarter-mile of the site with a McNeil sampler before, 
during, and after construction. Ttie purpose of such monitoring would be to determine'if 
the, fine content of the gravels incieases as a result of construction impacts. Monitoringi 
results could be used to guide erosion control efforts during constructionand as a 
threshold for replacing spawning gravels if the fine content rises significantly. 

1 , ,. 
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5.4.10 MAINTENANCE REQUIREMENTS 

Minimum Requirement 10 All TESC measures shall be maintained and reviewed on a regular basis 
as prescribed in the maintenance requirements for each BMP and this section. A TESC supervisor 
shall be designated by the applicant and shall be responsible for maintenance and review of TESC 
and for compliance with all permit conditions relating to TESC. The TESC supervisor must be 
available for rapid response to TESC problems. For minor projects, the applicant may serve as the 
TESC supervisor. The name, address, and phone number of the TESC supervisor shall be supplied 
to the county prior to the start of construction. A sign shall be posted at all primary entrances to 
the site identifying the TESC supervisor and their phone number. The requirement for a TESC 
supervisor does not relieve the applicant of ultimate responsibility for the project and compliance 
with county code. 

The site shall be reviewed by the TESC supervisor at least once a month during the dry season, 
weekly during the wet season, and within 24 hours of significant storms. The county can require 
that a written record of these reviews be kept on-site with.copies submitted to DDES within 48 
hours. The county can also require that the'applicant designate a TESC supervisor with 
demonstrated experience in TESC to perform these reviews and to be responsible for TESC. 

TESC Supervisor For the vast majority of projects, the TESC supervisor shall be designated by the 
applicant and does not need to meet any specific qualifications. For highly sensitive sites, the 
county can, however, require that the applicant designate a TESC supervisor with demonstrated 
expertise in erosion and sediment control. The qualifications of such a person shall include at least 
several years of construction supervision or inspection and background in geology, soil science, or 
agronomy. Typically, if a geotechnical consultant is already a part of the project, the consultant 
can also be the designated TESC supervisor. The design engineer may also be qualified for this 
position. This requirement shall only be used for sensitive sites that pose an unusually high risk of 
impact to surface waters. At a minimum, the project site shall meet all of the following conditions 
in order to require the applicant to designate a TESC supervisor with demonstrated expertise in 
TESC: 

e ' Alderwood soils or other soils of Hydrologic Group C or D. 
Five acres of disturbance. 

o Large areas with slopes in excess of 10 percent. 

Proximity to Class 1 or 2 streams or wetlands or phosphorus-sensitive lakes, such as Lake 
Sammamish, shall also be a factor in determining if a site warrants this requirement. However, 
proximity alone shall not be a determining factor because even' projects that are a considerable 
distance from surface waters can result in significant impacts if there is a natural or constructed 
drainage system with direct connections to surface waters. 

If DDES determines that the TESC measures on-site .are frequently installed, located, or maintained 
inadequately, DDES can require the applicant to appoint a TESC supervisor with expertise in 
erosion and sediment control. 

Documentation If DDES requires that a written record be maintained, a standard TESC 
Maintenance Report is included in the Reference section of this manual. A copy of all the required 
maintenance reports shall be kept on-site throughout the duration of construction. Detailed 
maintenance requirements for each TESC measure are provided in Sections 5.4.1 through 5.4.7. 

Review Timing During the wet season, weekly reviews shall be carried out every 6 to 8 calendar 
days. During the dry season, monthly reviews shall be carried out within 3 days of the calendar 
day for the last inspection (e.g., if an inspection occurred on June 6, then the next inspection must 
occur between July 3 and July 9), Reviews shall also take place within 24 hours of significant 
storms. In general, a significant storm is one with more than 0.5 inches of rain in 24 hours or 
less. Other indications that a storm is "significant" is if the sediment ponds or traps are filled with 
water, or if gullies form as a result of the runoff. 

Note The site is to be in compliance with the regulations of this chapter at all times. The 
requirement for periodic reviews does not remove the applicant's responsibility to have the site ,, 

constantly in compliance with Core Requirement 5 and the requirements of this chapter. The 
' 
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reviews are a mechanism to ensure that all measures are thoroughly checked on a regular basis 
and that there is documentation of compliance. The requirement for these reviews does not mean 
that TESC is to be ignored in between. 

5.4.1 1 FINAL STABILIZATION 

Minimum Requirement 11 Prior to obtaining final construction approval, the site shall be stabiliied, 
the structural TESC measures, such as silt fences and sediment traps, removed, and drainage 
facilities cleaned. The removal of TESC measures is not required for those projects, such as plats, 
that will be followed by additional construction under a different permit. In these circumstances, 
the need for removing or retaining the measures must be evaluated on a site-specific basis. 

\ 

To obtain final construction approval, the . follow'ing . conditions must be met: 

1. . All .disturbed areas of the site.shall be vegetated or otherwise permanently stabilized. At a 
minimuin, disturbed areas shall be seeded and mulched (Section 5.4.2.4) with a high 
likelihood that sufficient cover will develop shortly after final approval. Mulch without. 
seeding is not adequate to allow final approval of the permit, except for small areas of "I' 

mulch' used for landscaping. The only exceptions to these requirements are lots within a 
plat that are to be developed under an approved residential permit immediately following 
plat approval. In these cases, mulch and/or temporary seeding are adequate for cover. 

2. Structural measures such as, but not limited to, silt fences, pipe slope drains, construction 
entrances, storm drain inlet protection, sediment traps and ponds; shall be removed from 
the site. Measures that will quickly decompose, such as brush barriers.and oraanic 
rnulches;~may be left in-place. In the case of silt fences, it may be best to remove fences' 
in conjunction with the seeding, since'it may be necessary.to bring machinery back in to , 
remove them. This will result in disturbed soils that will.again require protection. The 
DDES inspector,must approve an applicant's proposal to remove fencing prior to the , 

establishment of 'vegetation. In some cases, such as residential building following plat 
development, it may be appropriate to leave some or all TESC measures for use during 
subsequent development. This shall be determined on a site-specific basis. 

. , 

3. All permanent surface water facilities, including'catch basins, manholes, 'pipeS, ditches;''' ' 
channels, RID facilities and water quality facilities shall be cleaned. Any off-site catch 
basin that required protection during constructiori. (Section 5.4.5.3) shall also be cleaned. 

4. If only the infrastructure of the site has been developed (e.g., subdivisions and short plats) 
with building construction to occur under a different permit, then the sensitive area buffers 
and Native Growth Protection Easements shall be clearly marked as per Section 6.4.1 in 
order to alert future buyers and builders. ". >' 

5.5 ALTERNATIVE AIUD EXPERIMENTAL MEASURES ' 

This manual generally only contains those BMPs that are standards of the local industry. Themare 
a variety of other BMPs available that can also be used; even though they are not included in this 
chapter. Such alternatives may be approved,without a'variance if the alternative will produce a 
compensating or comparable result with the measures in this chapter. Variations on or 
modifications of the BMPs in this chapter. can also be granted based on the same.criteria. 
Technical support will be provided by SWM when requested by DDES. 

A variance is only required'for'those products or techniques that are so new and untested as to lie 
experimental. If the county determines that a proposed alternative is experimental, then an : 
experimental variance must be obtained (Section 1.4.4). The intent of this requirement is not to. 
discourage new techniques, but to insure that new techniques are monitored and documented for . . possible inclusion in subsequent versions of this manual. An example of a'product that would ). 
have required an experimental variance prior to this version of the manual is the catch basin inserif 
(Section 5.4.5.3) because it had no equivalence with any existing measure. .. 
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5.6 ROADS AND UTILITIES 

Road and utility projects often pose difficult erosion control challenges because they frequently 
cross surface waters and because narrow right-of-ways constrain areas available to store and treat 
polluted water. In most cases, the standards of this chapter can be applied to such linear projects 
without modification. For instance, the ability to use perimeter control rather than a sediment 
retention facility for small drainage areas (Section 5.4.3) will apply to many of these projects. 
However, there may be some projects that cannot reasonably meet the standards of Core 
Requirement 5 and this chapter. In these cases, other measures may be proposed that will provide 
reasonable protection. A variance is not required for such projects, unless the county determines 
that measures proposed by the applicant fail to meet the intent of Core Requirement 5 and this 
chapter and that significant adverse impacts to surface water may result. Examples of other 
measures that may be taken in lieu of the standards of this chapter are: 

1. Phasing the project so that the site is worked progressively from end to end, rather than 
clearing and grubbing the entire length of the project. This results in smaller exposed areas 
for shorter durations, thus reducing the erosion risk. 

2. Mulching and vegetating cut and fill slopes as soon as they are graded. Frequently, this is 
done.at the end of construction when paving or utility installation is complete. Vegetating 
these areas at the start of the project stabilizes those areas most susceptible to erosion. 

3. Protecting all catch basin inlets with catch basin inserts when these do not drain to ponds 
or traps. This will not provide the same level of protection as a sediment pond or trap, but 
can remove most of the sand-sized material entrained in the runoff. 

4. Phasing the project so that all clearing and grading in sensitive area buffers occurs in the 
dry season. This substantially reduces the chance of erosion and allows for rapid 
revegetation in the late summer and early fall. 

5. Using flocculents to reduce the turbidity of water released from sediment ponds. 

6. Hiring a private consultant with expertise in TESC to review and monitor the site. 

If alternatives are used, it may be appropriate to develop a monitoring program that would monitor 
compliance with the performance standard of Core Requirement 5 and/or impacts to nearby water 
resources. Of particular concern are impacts to salmonid spawning gravels. McNeil sampling is a 
possible method of sampling to determine impacts to spawning gravels (see Section 5.4.9). 

5.7 NPDES REQUIREMENTS 

As part of the implementation of the National Pollutant Discharge Elimination System (NPDES), 
projects that will disturb more than five acres of total area must apply for coverage under the 
Washington State Department of Ecology's Baseline General Permit for Stormwater. The five acre 
threshold applies even if the five acres are to be disturbed in phases, as long as the construction is 
"part of a larger common plan of development or sale." In general, the erosion control plan 
required for this manual is equivalent to that required by the state through the Stormwater 
Management Manual for the Puget Sound Basin (DOE, 1982). The DOE stormwater permit 
application requires the filing of a Notice of Intent (NO11 at least 30 days prior to the start of 
construction. The only major requirement of the stormwater permit that is not included in this 
manual is a public notice requirement. Note that this public notice for Ecology's stormwater permit 
can be published concurrently with other public notices required for permits or SEPA. Contact the 
Department of Ecology at (206)407-7156 for complete information on permit thresholds, 
applications, and requirements. 
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Note: The following terms are provided for reference and use with this Manual. They shall be superseded 
by any other definitions for these terms adopted by ordinance. 

"Adjacent steep slope" means slopes with a gradient of 15% or steeper within flve hundred feet of the 
site. 

"Anadromousw means fishes ascending rivers from the sea for breeding. 

"Applicant" means the person who has applied for a development permit or approval. 

"Appurterlancesw means machinery, appliances, or auxiliary structures attached to a main structure, but 
not considered an integral part thereof, for the purpose of enabling it to function. 

"Aquifer" means a geologic stratum containing groundwater that can be withdrawn and used for human 
purposes. 

"As-Built Drawings" means engineering plans which have been revised to reflect all changes to the plans 
which occurred during construction. 

"BALD" means the Building and Land Development Division of the King County Department of Parks, 
Planning and Resources. This division has 'been replaced by the Department of .Development and 
Environmental Services (DDES). 

"BSBL" means building set back line. 

"Backwater" means water upstream from an obstruction which is deeper than it would normally be without 
the obstruction. 

"Base Flood" means p flood having a one percent chance of being equaled or exceeded in any given year. 
This is also referred to as the 100 - year flood. The base flood is determined for existing conditions, unless 
a basin plan including projected flows under future developed conditions has been completed and adopted 
by King County, in which case these future flow projections shall be used. In areas where the Flood 
Insurance Study includes detailed base flood calculations, those calculations may be used until projections 
of future flows are completed and approved by King County. 

"Base flood elevation" means the water surface elevation of the base flood. It shall be referenced to the 
National Geodetic Vertical Datum of 1929 (NGVD). 

"Basin" means for the purposes of this document a drainage area which drains either to the Cedar, Green, 
Snoqualmie, Skykomish or White rivers, or the drainage areas which drain directly to Puget Sound. 

"Basin Plan" means a plan and all implementing regulations and procedures including but not limited to land 
use management adopted by ordinance for managing surface and storm water management facilities and 
features within individual subbasins. 

"Berm" means a constructed barrier of compacted earth. 

"Biofiltration" means the process of reducing pollutant concentrations in water by filtering the polluted 
water through biological materials. 

"Bollard" means a post (may or may not be removable) used to prevent vehicular access. 

"Bond" means a surety bond, cash deposit or escrow account, assignment of savings, irrevocable letter of 
credit or other means acceptable to or required by the manager to guarantee that work is completed in 
compliance with the project's drainage plan and in compliance with all King County requirements. 
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"Buffer" means a designated area adjacent to and a part of a steep slope or landslide hazard area which 
protects slope stability, attenuation of surface water flows, and landslide hazards reasonably necessary to 
minimize risk; or a designated area adjacent to or a part of a stream or wetland that is an integral part of 
the stream or wetland ecosystem. The critical functions of a riparian buffer (those associated with an 
aquatic system) include shading, input of organic debris and coarse sediments, uptake of nutrients, 
stabilization of banks, interception of fine sediments, overflow during high water events, protection from 
disturbance by humans an'd domestic animals, maintenance of wildlife habitat, and room for variation of 
aquatic system boundaries over time due to. hydrologic or climatic effects. The critical functions of 
terrestrial buffers, include protection of slope stabilit$, attenuation of surface water flows from storm water 
runoff and precipitation, and erosion control. 

"Building setback line" means a line measured parallgl to a property, easement, drainage facility or buffer 
boundary, that delineates the area (defined by the distance of separation) where buildings, or other 
obstructions are prohibited (including decks, patios, outbuildings, or overhangs beyond 18 inches). 
Wooden or chain link fences and landscaping are allowable within a building setback line. In this Manual 
the minimum building setback line shall be 5 feet. 

' 

I 
' I .  

"CIP" means Capital Improvement Project. .-  . 

"Capital Improvement project or Program ICIP)' means a project prioritized and scheduled as a part of a$,; 
overall construction program or the actual construction program. I 

"Catch line" means the point where a severe slope intercepts a different, more gentle slope. 

"Channelw means a surface feature that conveys surface water and is open to the air. 

"Channel, constructed" means channels or ditches constructed (or reconstructed natural channels) to .,& 
convey surface water. 

"Channel, natural" means streams, creeks or swales that convey surfacelgroundwater and have existed 
long enough to establish a stable route andlor biological community. 

! 
"Clearing" means the destruction and removal of vegetation by manual, mechanical or chemical methods, 

"Closed depressionw means an area of'King county which is low-lying and either has no, or such a limited, 
surface water o,utlet that during storm events the area acts as a retention basin, with more than 5000 
square feet of water surface area at overflow elevation. 

"Coal Mine Hazard  rea as" means those areas of King County underlain by abandoned mine workings such 
as adits, tunnels, drifts, and air shafts,, or where mine tailings are present. 

' . 
"Compensatory storage" means new excavated storage volume equivalent to the flood storage capacity 
eliminated by filling. or grading within the flood fringe. Equivalent shall mean that the storage removed ' 
shall be replaced by equal volume between corresponding'one foot,contour intervals that are hydraulically 
connected to the floodway through their entire depth. 

"Coirveyancg" means a mechanism for transporting water from one point to another, including pipes, 
ditches and channels., 

"conveyanbe system" means the drainage tacititieb, both natural and built, which collect, contain and 
provide for the flow of surface and storm water from' the highest points on the land down to a receiving 
water. The natural elements of the conveyance system include swales and small drainage courses, 
streams, rivers, lakes and wetlands. The built elements of .the conveyance system include gutters, ditches, 
pipes, channels and ,most retentionldetention facilities. 

"Criticaldepth" means the depth which minimizes ,the specific energy of flow (El. 
.. . 

"Critical  raina age ~ r e a "  means an area with such severe flooding, drainage andlor erosionlsedimentation 
conditions which have resulted or will result from the' cumulative impacts of development and urbanization, 



, . ,  
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that the area has been formally adopted as a Critical Drainage Area by rule under the procedures specified 
in K.C.C. 2.98. 

"Critical Flow" means flow at the critical depth and velocity. 

"Culvert" means pipe or concrete box structure which drains open channels, swales or ditches under a 
roadway or embankment. Typically with no catch basins or manholes along its length. 

"Current conditions" means the conditions (land use, impervious surfaces, topography, soils, and surface 
water flows) present at the time the analysis is conducted. 

"DDES" means the Department of ~evelopment and Environmental Services. 

"DNSw means determination of non-significance. 

"Dead storage" means the volume available in a depression in the ground below any conveyance system, 
or surface drainage pathway, or outlet invert elevation that could allow the discharge of surface and storm 
water runoff. 

"Dedication of land" refers to setting aside a portion of a property for a specific use or function. 

"Department" means the Department of Public Works. 

"Depression storage" means the amount of precipitation that is trapped in depressions on the surface of 
the ground. 

"Design engineer" means the professional civil engineer who prepares the analysis, design, and engineering 
plans for an applicant's permit or approval submittal. 

"Design storm" means a rainfall (or other precipitation) event or pattern of events for use in analyzing and 
designing drainage facilities. 

"Detention" means release of surface and storm water runoff from the site at a slower rate than it is 
collected by the drainage facility system, the difference being held in temporary storage. 

"Determination of Nonsignificance (DNS)" means the written decision by the responsible official of the lead 
agency that a proposal is not likely to have a significant adverse environmental impact, and therefore an 
EIS is not required. 

"Development" means for the purposes of this document any activity that requires a permit or approval, 
including but not limited to a building permit, grading permit, shoreline substantial development permit, 
conditional use permit, unclassified use permit, zoning variance or reclassification, planned unit 
development, subdivision, short subdivision, master plan development, building site plan, or right-of-way 
use permit. 

"Development Engineer" means the Building and Land Development Division employee authorized to 
oversee the review, conditioning, inspection and acceptance of right-of-way use permits, road and drainage 
projects constructed pursuant to permits administered by the Division. The development engineer or 
designee shall be a professional civil engineer registered and licensed under the laws of the State of 
Washington. 

"Discharge" means runoff, excluding off-site flows, leaving the proposed development through overland 
flow, built conveyance systems, or infiltration facilities. 

"Dispersed discharge" means release of surface and storm water runoff from a drainage facility system 
such that the flow spreads over a wide area and is located so as not to allow flow to concentrate 
anywhere upstream of a drainage channel with erodable underlying granular soils or flood downstream 
properties. 
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"Ditch" means a long narrow excavation dug in the earth for drainage with its top width less than 10 feet 
at design flow. 

"Diversion" means a change in the natural discharge location or runoff flows onto or away from an 
adjacent downstream property. See Core Requirement 1. 

, . 
"Drainage" refers to the collection, conveyance, containment, andlor discharge of surface and storm water 
runoff. 

"Drainage area" means area draining to a location not bounded by property lines. 

"Drainage channel" means a drainage pathway with well-defined bed and banks indicating frequent 
conveyance of surface and storm water runoff. 

"Drainage coursen means a pathway for watershed drainage characterized by wet soil vegetation; often 
intermittent in flow. 

 rainag age easement" means a legal encumbrance ;hot is placed against a pmpetty's title to reserbe -- 

specified privileges for the users and beneficiaries of the drainage facilities contained within the boundaries 
of the easement. 

"Drainage facilitynC means the system .of collecting, conveying and storing.surface and storm water runoff. 
Drainage facilities, shall include but not be limited to all surface and storm water runoff conveyance and 
containment facilities including streams, pipelines, channels,, ditches, swamps, lakes, wetlands, closed 1 
depressions, infiltration facilities, retentionldetention facilities, erosionlsedimentation control facilities, and 
other drainage. structures and appurtenances, both natural and man-made. 

"Drainage pathway" means the route that surface and storm water runoff! leaving any part of the 'site, 
follows downslope. 

"Drainage review" means an evaluation by Building and Land Development Division staff of a proposed 
project's compliance with the drainage. requirements in the Surface Water'Design Manual. 

"Dry Season" means April 1 to September 30. 

"EISw means Environmental l'mpact Statement. 

"Easement",means the legal right to use a parcel of land for a particular purpose. It does.not include fee 
ownership, but may restrict the owners use of the land. 

"Embankment" means a.structure of earth, gravel, or similar material raised to.form a pond bank or 
foundation for a road.. . 

. . 
"Energy dissipater" means ,any means by which the total enerw of flowing water is reduced. In , .' 

stormwater design, they are usually mechanisms that reduce velocity prior to, or at,' discharge from an 
outfall in order to prevent erosion. They include rock splash pads, drop manholes, concrete stilling basins 
or baffles, and check dams. 

"Energy gradient" means the slope of the specific energy line (i.e., the sum of the potential and velocity 
heads). 

"Engineering plan" means a plan prepared and stamp~d by a professional civil engineer. An inpineering 
plan contains a Technical Information Report and Site Improvement Plans which are described in detail in ' 
the Surface Water Design Manual. 

"Engineering review" means an evaluation by Building and Land ~evelo~ment Division staff of a proposed 
project's compliance with the drainage requirements in the Surface Water Design Manual., An engineering 
review also includes a BALD Division staff evaluation of a proposed project for compliance with ,other King 
County requirements. 
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"Enhancement" means to raise value, desirability, or attractiveness of an environment associated with 
surface water. 

"Environmental Impact Statement (EIS)" means a document that discusses the likely significant adverse 
impacts of a proposal, ways to lessen the impacts, and alternatives to the proposal. They are required by 
the national and state environmental policy acts when projects are determined to have significant 
environmental impact. 

"Equivalent area" means the tributary area tributary to the receiving water body equal to or less than the 
shortest, straight-line distance from the receiving water body (or regional facility) to the furthest point of 
the proposed project. 

"Erodable granular soils" means soil materials that are easily eroded and transported by running water, 
typically fine or medium grained sand with minor gravel, silt, or clay content. Such soils are commonly 
described as Everett or lndianola series soil types in the SCS classification. Also included are any soils 
showing examples of existing severe stream channel incision as indicated by unvegetated streambanks 
standing over two feet high above the base of the channel. 

"Erosion" means detachment of soil or rock fragments by water, wind, ice and gravity. 

"Erosion Hazard Areas" means those areas of King County containing soils which, according to the USDA 
Soil Conservation Service, 'King County Soils Survey dated 1973 and any subsequent revisions or additions 
thereto, may experience severe to very severe erosion hazard. The group of soils includes Alderwood 
gravelly sandy loan (AgD), Alderwood-Kitsap (AkF), Beausite gravelly sandy loam (BeD and BeF), Kitsap silt 
loam, (KpD), Ovall gravelly sandy loam (OvP and OvF), Ragnar fine sandy loam (Rad), Ragnar-lndianola 
Association (RdE), River Wash (Rh), and Coastal Beaches (Cb). 

"Eutrophic" means a condition which describes that a water body has built up excess nutrients so that 
excess plant growth occurs. As a result, large amounts of plant material decay and consume dissolved 
oxygen while doing so. Thus, less dissolved oxygen is available to aquatic life. Eutrophication is the 
process by which this occurs. 

"Eutrophication" refers to the process where nutrient overenrichment of water leads to excessive growth 
of aquatic plants. 

"Evapotranspiration" means the collective term for the processes of evaporation and plant transpiration by 
which water is returned to the atmosphere. 

"Existing off-site conditions" those present in the study area (except on the proposed project' site) at the 
time of the analysis. See existing site conditions. 

"Existing site conditions" depend on the presence of existing approved drainage systems. For sites with 
existing approved and build drainage systems, the existing on-site conditions are those that occur with the 
existing drainage facilities constructed per approved permits and engineering plans when required. For sites 
with no existing approved drainage systems, the existing on-site conditions are those that existed prior to 
May 1979 based primarily on aerial photographs and, if necessary, on knowledge of individuals familiar 
with the area. (See Core Requirement 3) 

"FIRM" means Flood Insurance Rate Map. 

"Fertilizer" means any material or mixture used to supply one or more of the essential plant nutrient 
elements. 

"Flood fringe" means that portion of the flood plain outside of the floodway which is covered by 
floodwaters during the base flood; it is generally associated with standing water rather than rapidly flowing 
water. 
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"Flood Hazard Areas" means those areas of King County subject to inundation by the base flood. Includes, 
but is not limited to streams, lakes, wetlands, and closed depressions. 

"Flood lnsurance Rate Map (FIRM)" is the official map on which the Federal lnsurance Administration has 
delineated many areas of flood hazard, floodway, and the risk premium zones. 

"Flood lnsurance Study" means the official report,provided by the Federal lnsurance Administration that 
includes flood profiles and the FIRM. 

"Flood plain" means the total area subject to inundation by the base flood including the flood fringe and 
floodway. 

. . 

"Flood-proofing" means, adaptations that ensure a structure is substantially impermeable to the passage of 
water below the flood protection elevation and resists hydrostatic and hydrodynamic loads and effects of 
buoyancy. 

"Flood protection elevation" means an elevation that is one foot above the base flood elevation. I 

. .. 

"Flood protection facility" means any levee, berm,,,wall, enclosure, raised bank, revetment, constructed , 
bank stabilization or armoring, that is commonly recognized by the community as providing'significant 
protection to a property from inundation by flood waters. 

"Flood routingn means an analytical technique used to compute the effects of system storage and system 
dynamics on the shape and movement of flow reprevented by a hydrograph. 

"Floodway" means the channel of the river or stream and those portions of the adjoining flood plains which 
are reasonably required to carry and discharge the bqse flood flow. The portions of the adjoining flood 
plains which are considered to be "reasonably required" ,is defined by the County flood hazard regulations. 

"Freeboard" means the vertical distance between the design water surface elevation and the elevation of 
the, barrier which contains the water. 

"Geologist" means a person who has earned a degree in geology from an accredited college or universityor 
who has equivalent educational training and has at least five years of experience as a practicing geologist 
or four years of experience and at least two years post-graduate study, research or teaching. The practical 
experience shall include at least three years work in applied geology and landslide evaluation, in close 
association with qualified practicing geologists or geotechnical professional/civil engineers. 

"Geometricsn means the mathematical relationships between points,,lines, angles and surfaces used to 
measure and identify areas of land; i 

"Geotechnical professional civil engineerheans a practicing, ggotechnicallcivil engineer licensed as a 
professional Civil Engineer with the State of Washington who has at least four years 'of professional ' 

employment as a geotechnical engineer in responsiblg charge, including experience with landslide . .  .i. 
evaluation. 

"Groundwater" means underground water usually found in aquifers.   round water "sually ohginates from 
infiltration., Wells tap the groundwater for water supply uses. 

"Gully" means a channel caused by the concentrated flow of sudace and stormwater rundff 'over 
unprotected erodible land. I .. 

"Habitat" means the specific area or environment in which a particular type of plant or animal lives. An !-,: 
organism.'s habitat must provide all of the basic requirements for life and should be protected from harmful 
contaminants. 

"Hardpan" means a cemented or compacted and often clay-like layer'of soil that i s  impenetrable by roots. 
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"Harmful pollutant" means a substance that has adverse effects to an organism including immediate death, 
chronic poisoning, impaired reproduction, cancer or other effects. 

"Hydraulic gradient" means slope of the potential head relative to a fixed datum. 

"Hydrograph" means a graph of runoff rate, inflow rate or discharge rate, past a specific point over time. 

"Hydrologic cycle" means the circuit of water movement from the atmosphere to the earth and return to 
the atmosphere through various stages or processes as precipitation, interception, runoff, infiltration, 
percolation, storage, evaporation and transpiration. 

"Hydrologic Soil Groups" means a soil characteristic classification system defined by the U.S. Soil 
Conservation Service in which a soil may be categorized into one of four soil groups (A, B, C, or D) based 
upon infiltration rate and other properties. 

"Hyetograph" means a graph of percentages of total precipitation for a series of time steps representing 
the total time in which precipitation occurs. 

"Impervious" means a surface which cannot be easily penetrated. For instance, rain does not readily 
penetrate paved surfaces. 

"Impervious surface" means a hard surface area which either prevents or retards the entry of water into 
the soil mantle as under natural conditions prior to development, andlor a hard surface area which causes 
water to run off the surface in greater quantities or at an increased rate of flow from the flow present 
under natural conditions prior to development. Common impervious surfaces include,'but are not limited 
to, roof tops, walkways, patios, driveways, parking lots or storage areas, concrete or asphalt paving, 
gravel roads, packed earthen materials, and oiled, macadam or other surfaces which similarly impede the 
natural infiltration of surface and storm water runoff. Open, uncovered retentionldetention facilities shall 
not be considered as impervious surfaces for the purposes of this document. (See also riew impervious 
surface.) 

"Impoundment" means a natural or man-made containment for surface water. 

"Improvement" means streets (with or without curbs or gutters), sidewalks, crosswalks, parking lots, 
water mains, sanitary and storm sewers, drainage facilities, street trees and other appropriate items. 

"Infiltration facility" means a drainagei facility designed to use the hydrologic process of surface and storm 
water runoff soaking into the ground, commonly referred to as percolation, to dispose of surface and 
stormwater runoff. 

"Ingress/egressn means the points of access to and from a property. 

"Inlet" means a form of connection between surface of the ground and a drain or sewer for the admission 
of surface and stormwater runoff. 

"Insecticide" means a substance, usually chemical, that is used to kill insects. 

"Isopluvial map" means a map with lines representing constant depth of total precipitation for a given 
return frequency. 

"K.C.R.S." means King County Road Standards which are available from the King County Department of 
Public Works Map Counter. 

"Lake" means an area permanently inundated by water in excess of two meters deep and greater than 
twenty acres in size as measured at the ordinary high water marks. 

"Landslide" means episodic downslope movement of a mass of soil or rock that includes but is not limited 
to rockfalls, slumps, mudflows, and earthflows. For the purpose of these rules, snow avalanches are 
considered to be a special case of landsliding. 
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landslide Hazard Areas" means those areas.of King County subject to a severe.risk of landslide as defined 
in KCC 21.24. 

 owest st Floor" means the lowes't enclosed area (including basement) of a structure. An area used solely 
for parking of vehicles, building access, or storage, in an area other than a basement area, is not 
considered a building's lowest floor, provided that the enclosed area meets all of the structural 
requirements of the flood hazard standards. 

"MDNS" means a ~ i t igated Determination of  ons significance (See DNS and Mitigation). 
. . 

"Mass Wasting" means the movement of large volumes of earth material' down slope. 
. . 

"Master Drainage Plan" means a comprehensive drainage control plan intended to prevent significant 
adverse impacts to the 'natural and man-made drainage system, both on and off-site. 

"Metals" means elements, such as mercury. lead nickel, zinc and cadmium, that are of environmental .,, . ,, 

concern because they do not degrade over time. ' Although many are necessary nutrients, they are . 

sometimes.magnified in the food chin, and they can be toxic to life in high enough concentrations. "' 

:p.. ',: 

*Mitigationn means the use qf any or all of the following actions that are l i m d  in descending order of , 
preference (KCC 21.04): 

1. Avoiding the,impact altogether by not taking a certain action or parts of an action; or .\ \ 

2. Minimizing impacts by limiting the degree or magnitude of the action and its implementation,, by 
using appropriate technology, or by takiig affirmative steps to avoid or reduce impacts; or 

. . 
3. ~ e c t i f ~ i n g  the impact by repairing, rehabilitating, or restoring the affected sensitive area; or 

4. Reducing or eliminating the impact over time by preservation or maintenance operations during 
the life of the development, proposal; or 

5. Compensating for the impact by replacing, enhancing, or providing substitute sensitive areas. 

6. .  Monitoring the impact and taking appropriate corrective measures. , , 6. 

   on it or" means to systematically and repeatedly measure something in order to track changes. 

"Monitoring" means the collection and analysis of data by various methods for the purposes of 
understanding natural systems and features, evaluating the impacts of development proposals on the 
biological, hydrologic, and geologic elements of such systems, and assessing the performance of mitigation 
measures .imposed 'as conditions 'of development. 

I '  
"NGPE" means Native Growth Protection Easement. . . 

"NGVD" means National Geodetic Vertical Datum ,(see Base Flood elevation). 

"NPDES" means National Pollutant Discharge Elimination System. 

"National Pollutant, Discharge Elimination System (NPDES)" 'means the part of the federal Clean Water Act, 
which requires po,int source dischargers to obtain permits. These permits are referred to as'NPDES permits 
and are administered by the Washington State Department of Ecology. 

"Native Growth Protection Easements (NGPE)" means an easement granted to the County for the 
protection of native vegetation within a sensitive area or its associated buffer. The NGPE shall be recorded 
on the appropriate documents of title and filed with .the King County Records and Election Division. 

"Natural discharge locationn means the location of the drainage 'pathway at the proposed project boundary 
at the time of analysis. 

iq;l 
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"~ew,impervious surface" means any impervious surface proposed by a project that will increase the 
runoff curve number of that surface for existing site conditions 1e.g. gravel to asphalt). See impervious 
surface. 

"Normal ~ e ~ t h "  means the depth of uniform flow. This is a unique depth of flow for any combination of 
channel characteristics and flow conditions. Normal depth is found from Mannings Equation. 

"Nutrients" means essential chemicals needed by plants or animals for growth. Excessive amounts of 
nutrients can lead to degradation of water quality and the growth of excessive numbers of algae. Some 
nutrients can be toxic at high concentrations. 

"Off-site" means any area lying upstream of the site that drains onto the site and any area lying 
downstream of the site to which the site drains. 

"Off-site flows" means runoff conveyed to a proposed project from adjacent properties. 

"On-site" means the entire property that includes the proposed development. 

"Ordinary High Water Mark" means the mark that will be found by examining the bed and banks of a 
stream and ascertaining where the presence and action of waters are so common and usual, and so long 
maintained in all ordinary years, as to mark upon the soil a character distinct from that of the abutting 
upland, in respect to vegetation. In any area where the ordinary high water mark cannot be found, the line 
of mean high water shall substitute. In any area where neither can be found, the channel bank shall be 
substituted. In braided channels and alluvial fans, the ordinary high water mark or substitute shall be 
measured so as.to include the entire stream feature. 

"Orifice" means an opening with closed perimeter, usually sharp-edged, and of regular form in a plate, wall, 
or partition through which water may flow, generally used for the purpose of measurement or control of 
such water. 

"Overtopping" means to flow over the limits of a containment or conveyance element. 

"Permeable Soils" means soil materials with a sufficiently rapid infiltration rate (10 minutes per inch or 
better) so as to greatly reduce or eliminate surface and storm water runoff. These soils are classified as 
SCS hydrologic soil type A. ' 

"Perviousness" means related to the size and continuity of void spaces in soils; related to a soil's 
infiltration rate. 

"Pesticide" means a general term used to describe any substance--usually chemical--used to destroy or 
control, organisms; includes herbicides, insecticides, algicides, fungicides, and others. Many of these 
substances are manufactured and are not naturally found in the environment. Others, such as pyrethrum, 
are natural toxins which are extracted from plants and animals. 

"pH" means a measure of the alkalinity.or acidity of a substance which is conducted by measuring the 
concentration of hydrogen ions in the substance. A pH of 7.0 indicates neutral water. A 6.5 reading is 
slightly acid. 

"Physiographic" means characteristics of the natural physical environment (including hills). 

"Plat" means a map or representation of a subdivision showing the division of a tract or parcel of land into 
lots, blocks, streets, or other divisions and dedications. 

."Point Discharge" means the release of collected and/or concentrated surface and storm water runoff from 
a pipe, culvert, or channel. 

"Prediction" means for the 'purposes of this document an expected outcome based on the results of 
hydrologic modelling and/or the judgement of a trained professional civil engii-leer or geologist. 
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"Professional civil engineer" means a person registered with the State of Washington as a professional 
engineer in civil engineering. 

"Project" means the proposed action of a permit application or an approval which requires a drainage 
review. 

"RID" means retentionldetention facility. 

"Reach" means a length of channel with uniform characteristics. 

"Receiving Waters" means bodies of water or surface water systems receiving water from upstream man- 
made (or natural) systems. For the purpose.of this document receiving waters are: Cedar River, 
GreenIDuwamish River (below river mile 6.25,. U.S. Army Corps of Engineers designation), Puget Sound, 
Lake Sammamish, Sammamish River, Skykomish River, and Snoqualmie River. , 

"Recharge" means the flow to groundwater from the Infiltration of surface and stormwater runoff. 
P 

"Regional detention facility" means a stormwater buantity control structure designed to correct the existing 
excess surface water runoff problems of a basin or subbasin as defined by King County SWM Division. 
The area downstream has been previously identified by the SWM Manager as having existing or predicted 
significant and regional flooding andlor erosion problems. 

"Release rate" means the computed peak rate of surface and storm water runoff for a particular design 
storm event and drainage area conditions. 

"Retention" means the process of collecting and holding surface and stormwater runoff with no surface 
outflow. , 

"Retentionldetention facility. (RID)" means a type of drainage facility designed either to hold water for a . 
considerable length of time and then release it by evaporation, plant transpiration andlor infiltration into the 
ground; or to 'hold surface and storm water runoff for a short period of time and then release it to the 
surface. and stormwater management system. 

"Retrofitting" means the renovation of an existing .structure or facility to meet changed conditions or to 
improve performance. I 

"Rip rap" means a facing layer or protective mound of stones placed to prevent erosion or sloughing of a 
structure or embankment due to flow of surface and 'stormwater runoff. 

"Riparian" means pertaining to the banks of streams, wetlands, lakes or tidewater. 

"Rodenticiden means a substance used to destroy rodents. 

"Runoff" means water originating from rainfall and other precipitation that is found in drainage facilities, ' 

rivers, streams, springs, seeps, ponds, lakes and wetlands as well as shallow ground water. ' 

, . 

"SCS" means Soil Conservation , . Service, U.S. Department of Agriculture. 

"SCS Method" means a hydrologic analysis based on the Curve Number method (National Engineering , ' 

Handbook -.Section 4: Hydrology, August, 1972) and using any acceptable analytical technology as 
delineated in the King County Surface Water Design Manual. 

"SEPA" means State Environmental Policy Act. : 
, . ' I  

"SWMn means thesurface Water Management ~iv is ion of the King County Department of ~ u b l i c ~ o r k ,  
, . 

"Salmonid" means a member of the fish family Salmonidae. In King County, chinook, coho, chum, 
sockeye and pink salmon; cutthroat, , rainbow .and steelhead salmon; brown trout; Dolly Varden and brook 
char, kokanee and whitefish. 
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"Scour" means erosion of channel banks due to excessive velocity of the flow of surface and stormwater 
runoff. 

"Sediment" means fragmented material that originates from weathering and erosion of rocks or 
unconsolidated deposits, and is transported by, suspended in, or deposited by water. 

"Sedimentation" means the depositing or formation of sediment. 

"Sensitive Areas Ordinance (SAO)" means the King County Ordinance and rules that identify 
environmentally sensitive areas (coal mine, erosion, flood, landslide, seismic, steep slope, and volcanic 
hazard areas, and streams, wetlands, and protective. buffers) and supplement the development 
requirements contained in the various use classifications in the King County Code by providing for 
additional controls. 

"Sensitive Areas Setback Area" means the area delineated on a site which contains wetlands, streams, 
steep slopes, hazard areas, landslide hazard areas, and required buffers. 

"Sensitive Area Tract" means a separate tract that is created to protect the sensitive area and its buffer, 
whose ownership is assured as provided in KCC 21.24. 

"Sheet erosion" means the relatively uniform removal of soil from an area without the development of 
conspicuous water channels. 

"Sheet flow" means relatively uniform flow over plane surfaces without the concentration of water into 
conspicuous channels. 

"Shoreline development" means the proposed projects as regulated by the Shoreline Management Act. 
Usually the construction over water or within a shoreline zone (generally 200 feet landward of the water) 
of structures such as buildings, piers, bulkheads, and breakwaters, including environmental alterations such 
as dredging and filling, or any project which interferes with public navigational rights on the surface 
waters. 

"Siltation" means the process by which a river, lake, or other water body becomes clogged with sediment. 
Silt can clog gravel beds and prevent successful salmon spawning. 

"Site" means the portion of a piece of property which is directly subject to development. 

"Slope" means the gradient in feet per feet or expressed as percent. 

"Sloughing" means the sliding of overlying material. It is the same effect as caving, but it usually occurs 
when the bank or an underlying stratum is saturated or scoured. 

"Soil permeability" means the ease with which gases, liquids, or plant roots penetrate or pass through a 
layer of soil. 

"Soil stabilization" means the use of measures such as rock lining, vegetation or other engineering 
structures to prevent the mov,ement of soil when loads are applied to the soil: 

"Specific energy" means the total energy within any system with respect to the channel bottom. Equal to 
the potential head plus velocity and pressure heads. 

"state Environmental Policy Act (SEPA)" means the Washington State law intended to minimize 
environmental damage. SEPA requires that state agencies and local governments consider environme'ntal 
factors when making decisions on activities, such as development proposals over a certain size and 
comprehensive plans. As part of this process, environmental documents are prepared and opportunities for 
public comment are provided. 
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"Steep slope" means those areas in King County on slopes 40% or steeper within a vertical elevation 
change of at least ten feet. A slope is delineated by establishing its toe and top and i8 measured by 
averaging the inclination over at least,ten feet of vertical relief. For the purpose of this. definition: 

1. The toe of a slope is a distinct topographic break in slope which separates slopes inclined at 
less than 40% from slopes 40% or steeper, Where no distinct break exists, the toe of a steep 
slope is the lower most limit of the area where the ground.surface drops ten feet or more . 
vertically within a.horizontal distance of 25 feet; and 

2. The top of a slope is a distinct, topographic break in slope which separates slopes inclined at 
less than 40% from slopes 40% or steeper, Where no distinct break exists, the top o fa  steep 
slope is the upper most limit of the area where the.ground surface drops ten feet or more 
vertically within a horizontal distance of 25 feet. 

"Storm drains" means the enclosed conduits that transport surface and stormwater,runoff toward points of 
discharge (sometimes called storm sewers). 

"Storm drain system" refer to the system of gutters, pipes,. streams, or ditches used to carry surface arid 
storm water from surrounding lands to streams, lakes; or Puget Sound. . -. 

"Stream classification" means the following stream classification which applles to all streams within King 
County: 

1. Class 1 streams are all streams inventoried as Shorelines of the State under King County's . 
Shoreline Master Program, KCC Title 25, pursuant to RCW Chapter 90:58. ; I  

2. Class 2 streams are all streams smaller than Class 1 streams that flow year around during years 
of normal rainfall, or those that are used . . by salmonids. I 

3. ' Class 3 streams are streams that are infarmittent or ephemeral during years of normal rainfall ' 
and are not used by salmonids. 

"Streams" means those areas of King County where surface, waters produce a defined channel or bed. A . 
defined channel 'or bed is an area which demonstrates clear evidence of the passage of water and includes, 
but is not limited to, bedrock channels, gravel beds, sand and silt beds, and defined-channel swales. The 
channel or bed need not contain water year-round: This definition is not meant to include irrigation 
ditches, canals, storm water runoff devices or other entirely artificial watercourses unless they are used t y  
salmonids or used to convey streams naturally occurring prior to construction. Those topographic features 
that resemble streams but have no defined channels (i.0. swales) shall be considered streams when .,,, 
hydrologic and hydraulic analyses done pursuant to 4 development proposal predict formation of a defined 
channel after development. 

"Structure" means a catch basin or manhole in reference to a storm drainage system. 

"Stub-out" means a short length of pipe provided b r  future connection to the storm drainage system. , 

"subbasin" means a drainage area which drains to a water course or waterbody named and noted on 
common maps and which is contained within a basin as defined in K.C.C. 9.04.020. 

"Subcritical flow", means flow at depths greater th,an the critical depth. 

"Sub-division retention/detention.fakilityn means a:retention/detention facility which is both (1) located . , 
within or: associated with a short or formal plat sub- division containing only single family or duplex 1: 
residential structures located on individual lots; and 2) .which is required to handle excess runoff'generated 
by development of an area of which two-thirds or more is designated for single family or duplex residential, 
structures located on individual lots. 

"Supercritical flow" means flow at depths less than the critical depth. 
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"Surface and storm water" means water originating from rainfall and other precipitation that is found in 
drainage facilities, rivers, streams, springs, seeps, ponds, lakes and wetlands as well as shallow ground 
water. 

"Surface and storm water management system" means drainage facilities and any other natural features 
which collect, store, control, treat and/or convey surface and storm water. 

"Surface Water ~es ign  Manual" means the manual (and supporting documents as appropriate) describing 
surface and storm water runoff design and analysis requirements, procedures and guidance which has been 
formally adopted by rule under the procedures specified in K.C.C. 2.98. The Surface Water Design 
Manual will be available from the BALD Division permit center. 

"Suspended solids" means organic or inorganic particles that are suspended in and carried by the water'. 
The term includes sand, mud, and clay particles as'well as solids in wastewater. 

"Swale" means a shallow drainage conveyance with relatively gentle side slopes, generally with flow , depths less than one foot. 

"TESC" means Temporary Erosion and Sedimentation Control. 

"Temporary Erosion and Sedimentation Control" means any temporary measures taken to reduce erosion, 
control siltation and sedimentation, and ensure that sediment-laden water does not leave the site. 

"Threshold discharge area" means on-site area draining to a single natural discharge location or multiple 
natural discharge locations that combine within 1 M-mile downstream. 

"Time of concentration" means the time period necessary for surface runoff to reach the outlet of a 
subbasin from the hydraulically most remote point in the tributary drainage area. 

"Toxic" means poisonous, carcinogenic, or otherwise directly harmful to life. 

"Tract" means a legally created parcel of property designated for special non-residential and non- 
commercial uses. 

"Travel time" means the estimated time for surface water to flow between two points of interest. 

"Tributary" means one that drains into, such as a drainage channel that flows into a larger drainage 
channel. 

"Tributary area" means the geographical area (not constrained by property boundaries) that drains to the 
point of concern. 

"Undisturbed buffer" means a zone where development activity shall not occur, including logging, and/or 
the construction of utility trenches, 'roads, and/or surface and storm water drainage facility systems. 

"Undisturbed low gradient uplands" means forested land, sufficiently large and flat to infiltrate surface and 
storm runoff without allowing the concentration of water on the surface of the ground. 

"Water quality swale" means an open vegetated drainage channel intended to optimize water quality 
treatment of surface and storm water runoff by following the specific design criteria described in the 
Surface Water Design Manual. 

"Watershed" means the geographic region from which water drains to a particular point of interest. 

"Wetponds" and "wetvaults" mean drainage facilities for water quality treatment that contain a permanent 
pool of water, usually four feet in depth, that are filled during the initial runoff from a storm event. They 
are designed to optimize water quality by providing retention time (on the order of a week or more) in order 
to settle out particles of fine sediment to which pollutants such as heavy metals absorb, and to allow 
biologic activity to occur that metabolizes nutrients and organic pollutants. For wetvaults the permanent 
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pool of water is covered by a lid which blocks sunlight from entering the facility, limiting photo-dependent 
biologic activity. 

" Wetland" means those areas of King County that are inundated or saturated by ground or surface water 
at a frequency and duration sufficient to support, and that under normal circumstances do support, a 
prevalence of vegetation typically adapted for life in saturated soil conditions. Wetlands generally include 
swamps, marshes, bogs, and similar areas (U.S. Army Corps of Engineers Regulation 33 CFR 328.3 
(1988)). Wetlands in King County include all area waterward from the wetland edge. Where the 
vegetation has been removed, a wetland shall be determined by the presence of hydric soils, as well as 
other documentation of the previous existence of wetland vegetation such as aerial photographs. 

"Wetland edge" means the line delineating the outer edge of a wetland established by using the Federal 
Manual for ldentifvina and Delineatina Jur-I 

. . .  W m  January 10, 1989, jointly published by the 
U. S. Environmental Protection Agency, the U.S. Fish and Wildlife Service, the U.S. Army Corps of 
Engineers, and the U.S. Soil Conservation Service. 

"Wetland Rating System" means the following wetland rating system which is based upon the King County- 
Wetlands Inventory, 1983 and the U.S. Fish and Wildlife Service's ssification of W e t l a m  
Dee~water Habitats of the UnitgeSatw FWSIOBS-79/31 (Decembe1979): 

Class 1' wetlands.are assigned the UniqueIOutstanding #1 rating in the inventory or are , 

uninventoried wetlands which meet any gne of the following criteria: 
a. presence of species recognized by'the federal government or State of Washington as i 

endangered, threatened, or. the presence of critical 'or outstanding potential habitat for ,,. 
.those species; 

b. . wetlands having 40% to 60% open water in dispersed patches with two or more classes 
of vegetation, or 

c. wetlands equal to or greater than ten acres in size -and having three or more wetland 
classes, one of which is open water. 

d. the presence of plant associations of infrequent occurrence. These include, but are not 
limited to, estuarine systems and bogs. ' ' 

2. Class 2 wetlands are assigned the Sijlnificant #2 rating in the inventory or are uninventoried + 

wetlands which meet any of the following criteria: 
a. wetlands greater than one acre in size; 
b. wetlands less than or equal to one acre in size and having three or more wetland classes; 

c. wetlands less than or equal to one acre in size which have a forested wetland class; or 
d. wetlands which have present heron rookeries or raptor nesting trees. . 

3. Class 3 wetlands are assigned the Low Concern #3 rating in the inventory or are uninventoried 
wetlands that are less than or equal to one acre in size and having two or fewer wetland 

, 

classes. 
. ". "Wet Season" means October 1 to March 31 ., 

. . 
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KING COUNTY, WASHINGTON. 
SURFACE WATER DESIGN MANUAL 

APPENDIX A 
MAINTENANCE REQUIREMENTS 
FOR PRIVATELY MAINTAINED 
DRAINAGE FACILITIES 

Section No. Subject 

1 Ponds 
2 inflitration 
3 Closed Detentlon Systems 
4 Control StructureIFiow Restrictor 
5 Catch Baslns 
6 Debris Barrlers 
7 Energy Dissapators 
8 Fenclng 
9 Gates 

10 Conveyance Systems 
11 Grounds 
12 Access RoadsIEasements 
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MAINTENANCE REQUIREMENTS FOR 
PRIVATELY MAINTAINED DRAINAGE FACILITIES 
NO. 1 - PONDS 

Malntenanca 
Componant Defeot 

Conditions When Malntenanw 
b Needed 

Reeultr Expected When 
Maintenanw Ir Performed 

General Traeh & Debrie Any treeh end debris which exceed 1 cubio Treeh end debrie oleered from 
foot per 1,000 equere feat,(thie ie about equal eite. 
to the emount of treeh it would take to fill up 
one etenderd size office garbage oen). in 
general, there ehould be no vieuel evidence of 
dumping. 

Poieonoue 
Vegetation 

Pollution 

Unmowed Greeel 
Ground Cover 

Rodent Holes 

Any poieonous vegetation which may No danger of poieonoue 
oonetitute a hazard to County pereonnel or the vegetation where County 
public. Exempiee of poieonoue vegetation personnel or the public might 
include: teney regwort, poison oak, etinging normally be. (Coordination with 
nettles, devile club. SeattieKing County Health 

Department) 

Oil, gasoline, or other oonteminente of one No oonteminente preeent other 
gallon or more a any amount found that then e eurfece film. (Coordination 
could: 1) oeuee damage to plant, enimel, or with SeattielKing County Heelth 
marine life; 2) conetitute e fire hazard; or Department) 
3) be fiuehed downstream during rein etorme. 

i f  facility ie loceted in private residential eree, When mowing ie needed, 
mowing ie needed when graee exceeds 18 greeelground oover ehouid be 
inches in height. In other erees, the general mowed to 2 inohee in height. 
policy ie to make the pond eite match adjacent 
ground oover end terrain as long ee there is no 
interference with the function of the facility. 

lneecte 

Tree Growth 

Any evidence of rodent holes if facility ie Rodents destroyed end dam or 
acting as e dam or berm, or any evidence of berm repaired. (Coordination with 
water piping through dam or berm vie rodent SeattielKing County Heelth 
hoiee. Department) 

When ineecte such ee weepe end hornets Insects destroyed or removed 
interfere with maintenance ectivitiee. from site. 

Tree growth doee not allow maintenance Treee do not hinder maintenance 
ecceee or interferes with maintenance activity ectivitiee. Selectively oultivete 
(i.e., slope mowing, silt removal, vectoring, or treee euoh as eldere for firewood. 
equipment movemente). if treee ere not 
interfering with ecceee, leave treee alone. 

Side Slopes of Erosion Eroded demege over 2 inches deep where Slopee should be stabilized by 
Pond cause of damage ie etill preeent or where ueing appropriate erosion control 

there ie potential for continued erosion. meaeure(e); e.g., rock 
reinforcement, p lent in~ of greee, 
oompaotion. 

Storage Area Sediment Acoumuleted sediment that exceeds 10% of Sediment oleened out to deeigned 
the designed pond depth. ' ' pond shape end depth; pond 

reseeded if neoeeeery to oontroi 
eroeion. 

Pond Dikee Settlemente Any pert of dike which has settled 4 inchee Dike ehould be built beok to the 
lower then the deeign elevation. design elevation. 

Emergency Rock Mieeing Only one layer of rock exiete above native moil Replace rocks to design 
OverflowlSpillwey in ere five equare feet or larger, or any etenderde. 

expoeure of netive soil. 
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NO. 2 - INFILTRATION 

Meintenenaa 
Component Defect 

Condltlona Whan Melntmanm 
b Needed 

R u u k  Exprated Whrn 
Melntananaa b Parformed 

Generel Treeh & Debrie See "Ponde" Standerd No. 1 See "Ponde" Standard No. 1 

See "Ponde" ~tandard No. 1 Poieonoue 
Vegetetion 

See "Ponde" Stepdard No. 1 

P.ollutlon See "Ponde" Stended No. 1 See "Ponde" Standard No. 1 

Unmowed Graeel 
Ground Cover 

Rodent Holes 

lneecte 

Storege Aree Sediment 

See "Ponde" Stapderd No. 1 See "Ponde" Standard No. 1 

See "Ponde" Standard No. 1 See "Ponde" Standerd No. 1 

See "Ponde" Stepderd No. 1 
, a 

Sediment is removed andlor .' 

faoillty le cleaned eo that 
infiltretlon eyetem woke 
aooording to deeign. 

A parooletion teet pit or teet of faoillty 
indioetee faoility ye only working at 90% of ite 
deeigned oapebilltiee. If two lnohee or more 
eediment ie preeent, remove. 

Sheet Cover (If 
Appliceble) 

Sheet oover ie visible end hee more that three 
1 l4-inoh hoiee in it. . , 

Sheet oover repelred or replaced: ' 

Sump Filled with 
Sedmiment end 
Debrie (If Applioeble) 

Any sediment a d  debrie filling vault to 10% 
of depth from.eump bottom to bottom of 
outlet plpe or obetruoting flow into the 
oonneotor pipe. 

Clean out sump to deelgn depth. 

Filter Bege Filled with 'Sediment end debrie fill beg more then 1 I2 Repleoe filter bag or redeelgn 
Sedmiment end full. eyetem. 
Debrie 

Rook Filtere Sediment end Debrie By vieual inepection, little or no water flowe Repleoe grevel in rook filter. 
through filter during heevy rein etorrne. 

Side Siopee of 
Pond 

Eroeion See "Ponde" Staqderd No. 1 See "Ponde" Stenderd No. 1 

Emergenoy 
Overflow Spillwey 

Rock Mieelng See "Ponde" Standerd No. 1 

Settling Ponde and 
Veulte 

Sediment Remove when 6" or more. 

Note: Sediment eooumulation of more then .26 inchee per year mey indioete exceeeive eroeion ie occurring upetream of the feoility or 
thet oonveyenoe eyeteme ere not being properly melnteined. The contributing drainege eree ehould be otieoked for eroelon probleme 
or inedequate meintenenoe of conveyance system8 If exoeeeive eedirnentetlon le noted in en infiltretlon feoility. 

Check twice e yeer during first Z'yeere of operetion; onoe e yeer thereefter. Cleen menholeeloetoh beeine, repelr dameged 
inleteloutlete, oleen treeh recke. 

. . 



K I N G  C O U N T Y ,  W A S H . I N G T O N ,  S U R F A C E  W A T E R  D E S I G N  M A N U A L  

NO. 3 - CLOSED DETENTION SYSTEMS (PIPES/TANKS) 

Maintenance Conditlono When Maintenance Rerulto Expected 
Component Defeot I@ Needed F e n  Maintenance Ir Performed 

Storage Area Plugged Alr Vents One-half of the cross section of a vent Is Vents free of debrls and sediment. 
blocked at any point wlth debris and 
sedlment. 

Debris and Accumulated sediment depth exceeds All sedlment and debrls removed from 
Sediment 10% of the diameter of the storage area storage area. 

for 112 length of storage vault or any 
point depth exceeds 15% of dlameter. 
Example: 72-Inch storage tank would 
requlre cleaning when sediment reaches 
depth of 7 Inches for more than 112 
length of tank. 

Jolnts Between Any crack allowlng meteriai to be All joints between tank/plpe sections are 
Tank/Plpe Sectlon transported Into facility. sealed. 

Tank/Pipe Bent Any part of tank/plpe Is bent out of shape Tank/plpe repaired or replaced to design. 
Out of Shape . more than 10% of its design shape. 

Manhole 

Catch Baslns 

Cover not In Place Cover Is mlsslng or only partially In place. Manhole is closed. 
Any open manhole requires maintenance. 

Looking Mechanism cannot be opened by one Mechanlam opens wlth proper tools. 
Mechanism Not maintenance person wlth proper tools. 
Working Bolts Into frame have less than 112 inch 

of thread (may not apply to self-locking 
lids). 

Cover Dlfflcult to One maintenance person cannot remove Cover can be removed and reinstalled by 
Remove lid after applying 80 pounds of Ilft. intent one rnalntenance person. 

Is to keep cover from seallng off access 
to malntenance. 

Ladder Rungs Klng County Safety Office and/or Ladder meets design standards and 
Unsafe maintenance peraon.Judges that ladder Is allows maintenance persons safe access. 

unsafe due to missing rungs, 
mlsaltgnment, rust, or cracks. 

See "Catch Basins" Standard No. 5 See "Catch Basins" Standard No. 5 
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NO. 4 - CONTROL STRUCTURE/FLOW RESTRICTOR 

Maintenance 
' Condltlone When Maintenance Re8ub Expoeted 

Component Defeot Ie Needed When Mmintenance le Performed 

General Trash and Debris Dietanoe between debris build-up and 
(Includes bottom of orifice plate la less than 1-112 , 

Sediment) feet. 

All trash and debrls removed. 

Cleanout Gate 

Structural Damage Struoture Is not.eeourely attached to 
manhole wall and outlet pipe structure 
should support at least 1,000 pounds of 
up or down pressure. 

Damaged or 
Missing 

Orifice Plate Damaged or 
Mlssing 

Overflow Pipe 

Manhole 

Catch Basin 

Obstructions 

Obstructions 

Struoture is not in uprlght position (allow 
up to 10% from plumb). 

Connectlons to outibt plpe are not 
watertight and show signs of rust. 

Any holes - other than deslgned holes - 
In the structure. 

Cleanout gate Is not watertight or Is 
mlsslng. 

Qate oannot,be moved up and down by 
one maintenanoe person.. . 

Struoture securely attached.to wail and 
outlet plpe. 

Struoture In mrrect position. 

Connectlons to outlet plpe are watertight; 
structure repaired or replaced and works 
as designed. 

Struoture has no holes other than 
designed holes. 

Oate is watedght and works as deslgned. 

Qate move8 up and down easily and Is 
watertight. 

Chaln leading to gate Is missing or Chain is in plaoe and work8 as designed. 
damaged. 

Qate Is rusted over SO% of ita surface Gate is repaired or replaced to meet 
area. deslgn standards. 

Control devioe is not worklng properly Plate is In plaoe and works as designed. 
due to missing, out of place, or bent 
orifice plate. ' , '  

Any trash, debrla, sediment, or vegetation Plate is free ol all obstruotions and works 
blocking the plate. as designed. 

Any trash or debrls blocking (or having Pipe Is free of ail obstructions and works 
the potential of blooking) the overflow as deslgned. 
Pipe. 

See "Closed Detention Systemsn Standard See "Clossd Detention Systems" Standard 
No. 3. No. 3. 

See "Catch Basins" Wndard No. 6. See "Catch Basins," Standard No. 5. 
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NO. 5 - CATCH BASINS 

Maintenance Condftlonr When Maintenance Rerulto Expeatd 
Component Defeat Ir Needed When Maintenance Ir Performed 

General Trash & Debris Trash or debris of more than 1/2 cubic 
(Includes foot whlch is located immediately in front 
Sediment) of the catch basln opening or Is blocking 

capacity of basin by more than 10%. 

No trash or debris located Immediately in 
front of catch basln opening. 

Trash or debris (In the basln) that 
exceeds 113 the depth from the bottom 
of basin to Invert of the lowest pipe into 
or out of the basin. 

No trash or debris in the catch basin. 

Trash or debris In any lnlet or outlet pipe 
blocking more than 1/3 of its height. 

Inlet and outlet pipes free of trash or 
debris. 

Dead anlmals or vegetation that could 
generate odors that would cause 
complaints or dangerous gases (e.g., 
methane). 

No dead animals or vegetation present 
within the catch basln. 

Deposits of garbage exceeding 1 cubic 
foot in volume. 

No condition present whlch would attract 
or support the breeding of insects or 
rodents. 

Frame is even with curb. Structural Damage Corner of frame extends more than 314 
to Frame and/or Inch past curb face into the street (If 
Top Slab applicable). 

Top slab has holes larger than 2 square 
lnches or cracks wider than 1/4 inch 
(intent is to make sure all material Is 
running Into the basin). 

Top slab Is free of holes and cracks. 

Frame not sitting flush on top slab, i.e., 
separation of more than 3/4 inch of the 
frame from the top slab. 

Frame is sitting flush on top slab. 

Cracks in Besin 
Wails/Bottom 

Cracks wider than 1 2 lnch and longer 
than 3 feet, any evi d ence of sol1 particles 
enterlng catch basin through cracks, or 
maintenance person judges that structure 
is unsound. 

Badn replaced or repaired to design 
standards. 

Cracks wider than 112 lnch and longer 
than 1 foot at the joint of any Iniet/outlet 
pipe or any evidence of soil particles 
enterlng catch basin through cracks. 

No cracks more than 114 inch wide at the 
joint of inlet/outlet pipe. 

Settlement/ 
Misalignment 

Fire Hazard 

Vegetation 

Basin has settled more than 1 lnch or has 
rotated more than 2 lnches out of 
alignment. 

Basin replaced or repaired to design 
standards. 

Presence of chemicals such as natural 
gas, oil, and gasoline. 

No flammable chemicals present. 

Vegetatlon growing across and blocklng 
more than 10% of the basin opening. 

No vegetation blocklng openlng to basin. 

Vegetatlon growing in lniet/outlet pipe 
jolnts that Is more than six inches tali and 
less than slx Inches apart. 

No vegetation or root growth present. 

Pollution Nonflammable chemicals of more than 
112 cubic foot per three feet of basin 
length. 

No pollution present other than surface 
film. 
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NO. '5 - CATCH BASINS (Continued) 

Maintenance Condltlonr When MainZenan00 Re rub  Expooted 
Component Oefeot I8 Needed When Maintonrnoe Ir Performed 

Catch Basln Cover Cover Not In Plaoe Cover is missing or only parllaliy in piaae. Catah basin cover Is closed. 
Any open oatch baelp requires 
maintenance. 

Locking ' Meohaniem cannot be opened by one ~echanism opens with proper toole. 
Mechanism Not maintenance perwn'with proper tools. 
Working Boita into frame ha? lem than l/t' lnoh 

of thread. 

Cover ~ifficult to One maintenanw pqrwn cannot remove Cover can be removed by one 
Remove ' lid after applying 80 Ibs. of lift; Intent is maintenance perwn. 

keep cover from sealing off amss.to 
malntenance. 

Ladder 

Metal Grates 
(if applicable) 

Ladder Runge Ladder is uneafit due to missing rungs, Ladder meeta design standards and 
Unsafe misailgnment, rust, iraaks, or sharp allows maintenance person 'safe accress. 

edges. 

Orate with opening wider than 718 inch. Orate openings meet deeign standards. - 

Trash and Debris Trash and debris that la blocking more Grate free of trash and debris. 
than 20% of grate surfam. 

Damaged or Orate miming or broken member(s)' of Orate is in place and meets deelgn 
Missing the grate. standards. 



K I N G  C O U N T Y ,  W A S H I N G T O N ,  S U R F A C E  W A T E R  D E S I G N  M A N U A L  

NO. 6 - DEBRIS BARRIERS (0.g. Trash Racks) 

Malntenante 
Component 

Condltlonr When Malntenance 
Defect is Needed 

General Trash and Debils Trash or debris that Is plugging more 
than 20% of the openings In the barrier. 

Metal Damaged/ Missing Bars are bent out of shape more than 3 
Bars inches. 

Bars are missing or entire barrier Is 
missing. 

Bars are loose and rust Is causing 60% 
deterioration to any part of barrler. 

Re rub  Expected 
When Malntenance ir Performed 

Barrier clear to receive capacity flow. 

Bars in place with no bends more than 
314 Inch. 

Bars in place according to deslgn. 

Repair or replace barrler to design 
standards. 
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NO. 7 - ENERGY DISSIPATORS 

Maintenance Condltlona When Malntenan~ ReauRe ~xpeoted " 

Component Defect la Needed When Malntenanoe I8 Performed 

External: - 
Rock Pad Mlsslng or Moved Only one.layer of rock exist8 above native ' Replace rocks to design standard. 

Rock sol1 In area flve square feet or larger, or 
any exposure of natlve 8011. 

Dlsperslon Trench Plpe Plugged with 
Sedlment 

Not Discharging 
Water Properly 

Perforations 
Plugged 

Water Flows Out 
Top of "Distributor" 
Catch Basln 

Recelvlng Area 
Over-Saturated 

Accumulated sediment that exceeds 20% 
of the deslgn depth. 

Visual evidence of water dlmharglng at 
concentrated points along trench (normal 
condition Is a "sheet flowu of water along 
trench), Intent Is to 'prevent erosion 
damage. 

Over 1/2 of perforations In plpe are 
plugged with debris'and sedlment. 

Maintenance person observes water 
flowing out during any storm.les8 than 
the deslgn storm or It Is causlng or 
appears likely to cause damage. 

Water In recelvlng area Is causing or has 
potential of causlng landslide problems. 

Plpe cleaned/flushed so that It matches 
deslgn. 

Trench muet be redeslgned or rebullt to 
standard. 

Clean or replaoe perforated plpe. 

Faclllty must be rebuilt or redesigned to 
standards. 

No danger of landslides, 

Internal: 

Manhole/Chamber Worn or Damaged Structure dlsslpatlng flow deteriorates to Replace structure to deelgn standards. 
Posts, Baffles, 1/2 or orlglnal size or any concentrated . ., 
Sides of Chamber worn spot exceeding one square foot 

whlch would make structure unsound. 

Other Defects See "Catch Basins" Standard No. 5 See "Catch Basins" Standard No. 5 
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NO. 8 - FENCING 

Malntenance Condltlonr When Malntenanoe 
Component Deftwt ie Needed 

General Missing or Broken Any defect in the fence that permits easy 
Parts entry to a facility. 

Wire Fences 

Erosion 

Part8 broken or mlselng. 

Erosion more than 4 Inches hlgh and 12- 
18 inches wide permlttlng an opening 
under a fence. 

Damaged Parts Posts out of plumb more than 6 inches. 

Rerultr Expected 
When Maintenance Is Performed 

Parts In place to provide adequate 
security. 

Broken or mlsslng parts replaced. 

No opening under the fence that exceeds 
4 inches In helght. 

Posts plumb to within 1-112 Inches. 

Top ralis bent more than 6 inches. Top rail free of bends greater than 1 inch, 

Any part of fence (Inoluding posts, top 
ralis, and fabric) more than 1 foot out of 
design ailgnment. 

Missing or loose tension wire. 

Misslng or loose barbed wire that Is 
sagging more than 2-112 inches between 
poets. 

Extenslon arm missing, broken, or bent 
out of shape more than 1-112 Inches. 

Deteriorated Paint Part or parts that have a rusting or scaling 
or Protective condition that has affected structural 
Coating adequacy. 

Openings in Fabric Openlngs in fabric are such that an 8- 
Inch-diameter ball oould fit through. 

Fence Is aligned and meets design 
standards. 

Tenslon wlre in place and holdlng fabrlc. 

Barbed wire In place wlth less than 314- 
Inch sag between posts. 

Extension arm in place wlth no bends 
larger than 314 inch. 

Structurally adequate posts or parts with 
a uniform protective coating. 

No openlngs in fabric. 



NO. 9 - GATES 

Malntensnce Condltlonr When Malntenanoe Re8ult8 Erpeoted 
Component Defed I8 Needed When Malntenanw I8 Performed 

. , General Damaged or Missing gate or locking devices. Qates and locking devices in plaoe. 
Mlsslng Members 

Broken or misstrig hlnges such that gate Hlnges intact and lubed. Gate Is working 
oannot be easily opened and oloaed by a freely. 
malntenanoe person. 

Gate is out of plumb more than 8 inches Gate Is aligned and vertical. 
and more than 1 foot out of design 
alignment. 

Missing stretcher bar,' stretcher bands, . Stretcher bar, bands, and ties In place. 
and tlee. 

Openings In Fabrio ' See "Fenclng" Standard No. 8 See "Fencing" Standard No. 8 
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NO. 10 - CONVEYANCE SYSTEMS (Pipes & Ditches) 

Maintenance . .. Condltlons When Maintenance Result8 Expected 
Component Defect Is Needed When Maintenance Is Performed 

Pipes 

Open Ditches 

Catch Basins 

Debris Barriers 
(e.g., Trash Rack) 

Sedlment & bb r l s  Accumulated sedlment that exceeds 20% Plpe cleaned of all sediment and debrls. 
of the diameter of the plpe. 

Vegetation Vegetation that reduces free movement of All vegetation removed so water flows 
water through pipes. freely through pipes. 

Damaged Protective mating Is damaged; rust is Pipe repaired or replaced. 
causing more than 50% deterloratlon to 
any part of plpe. 

Any dent that decreases the cross motion Pipe repaired or replaced. 
area of pipe by more than 20%. 

Trash & Debris Trash and debris exceeds 1 cubic foot Trash and debrls cleared from ditches. 
per 1,000 square feet of ditch and slopes. 

Sediment Accumulated sedlment that exceeds 20% Dltch cleaned/flushed of all sediment and 
of the design depth. debiis so that it matches design. 

Vegetation Vegetation that reduces free movement of Water flows freely through ditches, 
water through ditches. 

Erosion Damage to See "Ponds" Standard No. 1 
Slopes 

See "Ponds" Standard No. 1 

Rock Unlng Out of Maintenance person can see native soil Replace rocks to deslgn standard. 
Place or Missing (If beneath the rock Ilning. 
Applicable) 

See "Catch Basins" Standard No. 5 See 'Catch Basins" Standard No. 5 

See "Debris Barriers" standard No. 6 See "Debris Barriers" Standard No. 6 
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NO. 11 - GROUNDS (Landscaplng) ' 

' 

I .  

Maintenance Condltlonr When Malnt~nance Re rub  expc#1.d 
Component Dofoot . I8 Needed . Whan Mdntonmw I8 Performed 

General Weeds 
(Nonpoisonous) 

Safety Hazard 

Trash or Utter 

Trees and Shrubg Damage 

Weeds growlng In more than 20% of the 
landscaped area (trees and shrubs only). 

Any presence of poleon ivy or other 
polsonous vegetation. 

Paper, a n ,  bottles, totalling more than 1 
cubio foot within a landscaped area (trees 
and shrubs only) of 1,000 square feet. 

Umbs or parta of trees or shrubs that are 
split or broken which affeot more than 
25% of the total foliage of the tree or 
shrub. 

Trees or shrubs that have been blown 
down or knocked over. 

, ' 

Trees or ehrube whioh are not adequately 
supported or are leaning over, causing 
exposure of the roop. 

Weeds preeent In less than 6% of the 
landsoapod area. . 

No polsonoue vsgetatlOn preeent In a 
landscaped area. 

Area clear of lltter. 

Trees and ehrube with leas than 6% of the 
total foliage wlth split or broken limbs. 

Tree or shrub in plaae free of Injury. 

Tree or shrub In piaoe and adequately 
supported; remove any dead or dlseased 
trees. 
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NO. 12 - ACCESS ROADS/EASEMENTS 

Malntenance Condltlonr When Malntenanoe Rerultr Expected 
Component Defect is Needed When Maintenance la Performed 

General Trash and Debris Trash and debris exceeds 1 cubio foot Trash and debris cleared from site. 
per 1,000 square feet, i.e., trash and 
debris would fill up one standard size 
garbage can. 

Blocked Roadway Debris which could damage vehicle tlres Roadway free of debris which could 
(glass or metal). damage tires. 

Any obstructlons which reduce clearance Roadway overhead clear to 14 feet high. 
above road surface to less than 14 feet. 

Any obstructions restricting the access to , Obstruction removed to allow at least a 
a 10- to 12-foot width for a distance of 12-foot access. 
more than 12 feet or any point restricting 
access to less than a 10-foot width. 

Road Surface Settlement, When any surface defect exceeds 6 Road surface uniformly smooth with no 
Potholes, Mush inches in depth and 6 square feet in area. evidence of settlement, potholes, mush 
Spots, Ruts In general, any surface defect which spots, or ruts. 

hinders or prevents maintenance access. 

Vegetation In Road Weeds growing In the road surface that Road surface free of weeds tailer than 2 
Surface are more than 6 inches tali and less than Inches. 

6 inches apart within a 400-square-foot 
area. 

Shouidere and Eroslon Damage Erosion within 1 foot of the roadway more Shoulder free of erosion and matching 
Ditches than 8 inohes wide and 6 inches deep. the surrounding road. 

Weeds and Brush Weeds and brush exceed 18 inches in Weeds and brush cut to 2 inches in 
height or hinder maintenance access. height or cleared in such a way as to 

allow maintenance access. 
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APPENDIX B 
MASTER DRAINAGE PLAN OBJECTIVE. CRITERIA AND 
COMPONENTS. AND REVIEW PROCESS 
Objective 

The objective of the Master Drainage Plan (MDP) Is to propose specific drainage control systems that 
will prevent significant adverse lmpacts to the slte's natural hydrologlc system and to exlstlng and 
planned off-site drainage systems. Significant adverse lmpacts are defined as follows: 

(1) Any increase in flow rates and/or volumes that would result In flooding along the natural and/or 
constructed dralnage system, or that would aggravate exlstlng flooding problems, either on-site or 
downstream. 

(2) An increase of flow rates and/or volumes, both on- and off-site that would de-stabilize the exlsting 
geomorphic balance of the natural drainage systems. Examples would lnclude an increase in the 
rate or frequency of streambank erosion resulting In bank/slope failures along stream' corridors, and 
downstream sedimentation reducing channel capacity. 

(3) Alteration of natural topographv and/or native vegetation that would result in unstable soil 
conditions, slopes, or embankments. 

(4) Alteration of the natural hydrologlc features that would reduce their functional ability to preserve 
water quallty and quantity and/or In-stream and other aquatic habitat values. 

(5) Alteration of ground water/intetllow that would adversely change downstream base flows and/or 
impair existing water rights. 

The proposed drainage control system and impacts shail be supported by'a detailed technical analysis 
and report as a part of the MDP. The report shali include appropriate geotechnicai investlgatlons, water 
quallty and aquatic habitat analysis, and hydrologic computer modeling (see Section 3.2 in Chapter 3). 
The report shall also Include maintenance and operation provlslons for the exlstlng natural drainage 
system and any on-site drainage faciiiiies. Specific malntenance plans and agreements, Identifying 
maintenance responsibilities, must be provided for any faclllty privately maintained. 

The hydrologic and hydraulic analysis of the site, basin, and downstream system shall be done using the 
methods described in this Manual. Exceptions are for plans required to prepare hydrologlc models 
using rainfall and stream gage data. Any upstream contributing systems or sub-basins shall be analyzed 
for both exlsting and future development conditions (as shown In the latest adopted Community Plan, 
the Klng County Comprehensive Plan, or other land use maps). 

Components of Master Drainage Plans 

The MDP shali consist of two major components: a technical report; and plans and mapping. 

(1) Technical R ~ D Q ~  

The report shall provlde a comprehensive analysis of exlstlng and proposed,surface and subsurface 
water quantity and quality conditloils for both on- and off-site systems. Off-site systems may Include 
upstream and downstream hydrology. Upstream analysis shall include the total dralnage area 
contributing to the site. Downstream analysis shall extend to an acceptable receiving body of water. 

The report should provlde narrative descrlptlons of how the proposed system wlli meet the MDP 
objective, and shall contain all. necessary technical data, including: 



(a) All assumptions, parameters, and Input data used In the hydrologlc model. Thls Includes the 
cuwe numbers, soils types, land use, areas, and tlmes of concentration of all sub-baslns. 

(b) Hydraulic data (stage, storage, dlscharge) for all elements of the hydrologlc 
system, whether exlstlng or proposed, lncludlng lakes, ponds, and wetlands. Thls data shall be 
used to route Inflow hydrographs to produce outflow hydrographs. 

(c) Flow data for all exlstlng and proposed conveyance facllltles, lncludlng streams, .swales, plpes, 
and dltches whlch wlll support the proposled system. 

(d) Floodplain analysls LlentWylng flows, ~elocltles, and extent of floodlng for the existing and 
proposed condltlons. Other backwater analysls requlred to determine exlstlng and proposed 
conveyance capacity wlthln the MDP and downstream of the MDP. 

(e) . Erosion analysls of on-slte and downstream opendralnage systems, identlfylng flows, velocltles, 
areas of exlstlng and future deposition and channel eroslon, and characterlzatlon of sedlment. 

, . 

(f) ~eotechnldal analysls of the she and proposed Im rovements whlch specifically addresses soils.- - 
and slope stability for proposed lakes/ponds, r0a cr allgnments, channel/ravlne condltlons, 
building setbacks from steep slopes, vegetative presewatlon and controls, existlng and 
proposed dralnage facllltles, and downstream system stabllity. , . 

(g) Method and conceptual deslgn for malntalnlng exlstlng flow reglmes In any swales/ravlnes that 
may be altered, by .the development; 

(h) Method, conceptual deslgn, and location of water quality compensating facllltles that may be . 
, necessary to replace naturally occurrlng.'$!oflltratlona. functions of she vegetation, 1.0; provlslon 

and/or presewatlon of vegetated swales. 

(I) Descrlptlon of maintenance deslgn feathres and provlslons that wlll ensure reliable and long- 
term facility operation. 

(j) Ecological analysls to Include the physlcal and blologlcal features of the streams, lakes, 
wetlands and swales. ' The features Identified shall be keyed to the map produced In Item (2)(b), 
below. 

(k) lnput and output flles from hydrdoglc and/or hydraullc computer models shall be tnciuded as 
an appendk. 

(I) Prwlde constructlon phaslng plan that wlll ensure stormwater/eroslon control during 
development of . Individual . subbaslns. 

(m) Establish a stream flow/ralnfall gauglng aqd stream cross sectlon monltorlng plan that wlll 
document any changes In the levels of floodlng, eroslon, and sedlmentatlon, and ldenttfy 
responslble partles for necessary mltlgatlon. 

A conceptual or prellmlnary plan,of the propospd dralnage collection, detMlon and control systems, 
based upon accurate fleld topographic mapping and geologlc data, should be.provlded, along wlh 
approprlate cross-sections and detalls necessary to ldentlfy system elements.. Mapplng must be of 

' adequate scale and detall for Eiccurate deflnltlon and locatlon of all system elements, both on-she 
and off-she, and must provide support for hydrologlc model characterizatlon. In general, the 
followlng Is requlred: 

(a) ~ellneatlon of sub-baslns of approprlate sl?e/land use for computer model characterlzatlon and 
hydraullc analysls of all tributary flows. ! 
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(b) Location and size of ail existing and proposed hydrologic features and facilities in the basins. 
This includes lakes, ponds, wetlands, swales, streams, pipes, and culverts. 

(c) Overall plan/proflle and cross-sections of conveyance systems and identification of the 
floodplain and, floodway and frequency of flooding. for existing and developed conditions. 

(d) Identify areas of in-stream erosion, sedimentation and/or unstable slopes. 

(e) identify general required building setbacks, clearing limits and Native Growth Protection 
Easements In areas of steep slopes and drainage features. 

(9 Site soils identification and preliminary analysis for controlling erosion during construction and - 
for use in hydrologic modeling. 

(g) Identify upstream and downstream habitat condition, l.e., spawning, rearing, and transport 
areas; pools, rHfies, and other in-stream habitat features; and species and populations 
observed. Locations shall be keyed to the map produced in Item (2)(b), above. 

Rewiew Process 

Master Drainage Plans (MDPs) are submitted directly to the Department of Development and 
Environmental Services Division (DDES) for review. They must, however, be a part of a permit 
application that has been filed with DDES (see Section 1.1.1 In Chapter 1). The MDP process 
should commence concurrently with the SEPA process. 

King County has prepared MDP guidelines entitled: " ~ a h e r  Drainage Planning for Large Site 
Developments - Process and Requirements", May 1995, which provide technical guidance to 
implement the requirements of Section 1.3.3 and thls Appendix B. The MDP Guidelines may be . 
obtained by contacting the SWM Division or DDES. 

Prior to commencing preparation of the MDP, the applicant and design 'engineer (including the team 
that includes other design professionals such as geotechnical engineers and/or biologists, etc.) 
should request a MDP pre-appllcatlon meeting for general information followed by a scoping 
meeting with DDES in order to coordinate the requirements for the hydrologic modeling and other 
special analysis which may be required. At these meetings, the applicant should present an outline 
for the proposed MDP that includes a description of the proposed project, a schedule for 
preparation of the MDP, and a description of any known environmental or regulatory Issues related 
to the proposal. 

DDES will review the components of the MDP as submitted, in a timely manner. The fees for review 
of the MDP wlll be determined from resources (consultant, staff, equipment) required and will be 
billed to the applicant by King County. Review fees shall be paid by the applicant to King County 
prior to receiving MDP plan approval. 

Following approval In concept of all of the MDP components, the applicant wlll submit four complete 
final MDP packages to DDES for approval. Three copies will be kept by DDES, and one copy will 
be returned to the applicant for their records. 

Any additional questions regarding the MDP review process should be directed to the reviewer in 
DDES. 
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REFERENCE 

KING COUNTY, WASHINGTON 
SURFACE WATER 
DESIGN MANUAL 
NOTE: 
Although some of the materials in this "Reference" 
section, such as the Sensitive Areas Ordinance and 
Rules, may have been adopted by administrative 
rule or by ordinance, the administrative rde  that as 
adopted the Surface Water Design Manual has not 
formally adopted any of the materials in this 
section. AII of the papers, forms, notes, equations, 
sy mbols, maps, rules, methods, requirements and 
other materials provided herein are for reference 
only. 

King County assumes no responsibility for the 
compleleness or current status of the materials 
contained in this section. It is the sole responsibil- 
ity of each applicant to insure that the most current 
materials are used in preparing a permit application 
for their proposed project. Copies of these 
materials are available at the Building and Land 
Development Division ofice. 



K I N 0  C O U N T Y ,  W A S H I N o T O N ,  S U R F A C E  W A T E R  D E S I O N  M A N U A L  

REFERENCE 

KING COUNTY, WASHINGTON 
SURFACE WATER 
DESIGN MANUAL 

NOTE: 

1 -A Adopted Basin Plans - Requirements 

1 -B Adopted Community Plans - Requirements 

2 Basin Reconnaissance Program Summary Reports 

Critical Drainage Areas - Requirements 

Overview of King County Surface Water Policies 

Alternative Hydraulic Design Methods 

Clearing and Grading Ordinance and Rules 

Sensitive Areas Ordinance and Rules 

King County Standard Map Symbols 

Standard Plan Notes 

Plan Review Procedures, Forms, and Worksheets 

A. Predesign Meeting Form 

B. TIR Worksheet 

C. RID Summary Sheet 

D. Declaration of Covenant 

E. Bond Quantities Worksheet 

F. Drainage Release Covenant 

G. Drainage Easements 

H. Plan Review Procedures 

I. Variance Process Guidelines 

Although some of the materials in this "Reference" 
section, such as the Sensitive Areas Ordinance and 
Rules, may have been adopted by administrative rule or 
by ordinance, the administrative rule that adopted the 
Surface Water Design Manual has not formally adopted 
any of the materials in this section. All of the papers, 
forms, notes, equations, symbols, maps, rules, 
methods, requirements, and other materials herein are 
for reference only. 

King County assumes no responsibility for the 
completeness or current status of the materials 
contained in this &tion. It is the sole responsibility of 
each applicant to ensure that the most current materials 
are used in preparing a permit application for their 
proposed project. Copies of these materials are 
available at the Department of Development and 
Environmental Services office. 

11  Interim Changes to Requirements 

A. Blanket Variances 

B. Administrative Changes 
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REFERENCE 1-A 
ADOPTED BASIN PLANS - 
REQUIREMENTS 

one that are not covered 

asin-wide and Area- 

Beaver Lake 
Management Plan 

Cedar River 

6/8/95 

In P m  

Basin-wide requirements 



SPECIAL DRAINAGE REQWREMENTS 
OF THE 

ISSAQUAH CREEK BASIN 

BACKGROUND 

This summary contains the special drainage requirements of the Issaquah Creek Basin Plan, 
adopted by the King County Council on July 10, 1995. The Basin Plan was written and 
adopted as a statement of King County policy; its requirements are administered through 
"Special Requirement #4" of the King County S u f l e  Warer Design Manual (1990). 

The requirements that directly related to hydrologic/hydraulic analysis and design are included 
within this summary. The basin plan however contains additional development requirements 
which may indirectly affect the design of surface water facilities. Of most relevance is BW-3 
which sets maximum allowable clearing limits on new and existing lots within the rural 
residential zones: By increasing levels of native growth retention, the detention and water 
quality requirements for new development can be reduced. Please refer to the complete Basin , 

Plan dated September, 1994 for details on rural clearing restrictions. 

Basin-Wide Conditions: 

BW-1: Level-1 Flow Reduction Standard for On-Site Retention/Detention Facilities. 

BW-2: Level-2 Flow Reduction Standard for On-Site Retention/Detention Facilities. 

BW-3: Open-Space Retention Requirements for Subdivisions and Clearing Restrictions on 
Existing Lots (See September 1994 Basin Plan) 

BW-4: Comprehensive TESC Program for Construction Sites (See September 1994 Basin 
Plan) 

BW-5: Adoption of City of Issaquah Critical Areas Ordinance (See September 1994 Basin 
Plan) 

BW-6: Adoption of Zoning Changes in Critical Resource and Sensitive Areas (See 
September 1994 Basin Plan) 

BW-19: . Water Quality Treatment Design Standards 



Special Drainage Requirements of the Issaquah Creek Basin 

REQUIREMENTS IN'EFFECT BASIN-WIDE OR IN MULTIPLE SUBBASINS 

BW-1: Establishment of Flow Reduction Standard for On-Site RetentionIDetention 
Facilities 

Authority: Amendment to the Design Manuql approved through adoption of the Issaquah 
Creek Basin Plan . . 

In the Issaquah basin (except for the subbasins listed in BW 2; see Figure l), on-site reten- 
tiontdetention (WD). facilities, where mandapd by the Design Manual, shall .be designed to 
control the post-development peak hourly flows to corresponding predevelopment levels for 
all annual peak hourly flows from the 2-year up to the 10-year. Whenever, allowed by the 
Design Manual, infiltration shall be used to achieve this goal. - 

At this time, either of three analysis techniqves may be used: 

The first technique is to use a modification to the Santa Barbara Urban Hydrograph (SBUH) 
method. A seven-day rainfall distribution based on actual storms in the Puget Sound 
Lowlands replaces the Soil Conservation Service (SCS) Type la distribution in the Design 
Manual. Additionally, the hydrographs for pervious and impervious surfaces are computed 
separately and added to obtain the total hydrograph for pervious and impervious segments. 
Travel time and time of concentration computations for pervious land segments are based on 
the sum of interflow, shallow concentrated flow, and open channel flow. Technical guidance 
for this modification is included in the reference section of the Design Manual as updated in 
August 1994. The calculated storage volume shall be increased by a safety factor of 30 
percent. 

The second technique uses the method of the 1990 Design Manual.with modified release 
requirements as follows: 

. Post ~evelo~ment 
Storm Event 
2-year 
10-year . 

100-year 

Pre-Developmen t 

one-half of the 2-year 
2-year 
10-year 

I 

No safety factor is required for facilities using these release rates. 
. , 

The third technique involves iterative design using a calibrated continuous flow, hydrologic 
simulation model.' The ~ydrologic Simulation Program - Fortran (HSPF) model u d f o r  the 
analysis in this basin plan is an example of this type of model. The calculated storage volume 
shall be increased by a safety factor of at least 10 percent. 

Other methods for designing detention ponds that meet the stated performance goal may be 
substituted by the King County Surface Water Management Division in the hture. 
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BW 2: Establishment of Erosion Protection Standard for On-Site RetentionJDetention 
Facilities in Especially Sensitive Basins 

Authority: Amendment to the Design Manual approved through adoption of the. Issquah 
Creek Basin Plan 

In subbasins where stream stability and habitat are highly sensitive to higher future flows, 
specifically the Upper Issaquah, Middle Issaquah, McDonald Creek subbasins and the Wetland 
7 drainages of the North Fork (see Figure 1) on-site WD facilities, where mandated by the 
Design Manual, shall be designed to reduce post-development flow durations to their 
pre-developed levels for all flows greater than 50 percent of the 2-year event and less than the 
50-year event. Additionally, the 100-year post-development hourly peak flow shall be reduced 
to the pre-development level. Whenever allowed by the Design Manual, infiltration shall be 
used to achieve this goal. 

I 

At this time, either of two analysis techniques may be used., It is recommended that a 
calibrated continuous flow simulation model, such as HSPF, be used for this analysis. The 
calculated storage volume shall be increased by a safety factor of at least 10 percent. 

Other methods for designing detention ponds that meet the stated performance goal may be 
substituted by the King County Surface Water Management Division in the future. 

If a continuous model cannot be used, the method of the 1990 Design Manual shall be used 
with the 24-hour design event with the following release requirements. 

Post-Development 
tslmuwu 
2-year 
1 0-year 
100-year 

Pre-Development - 
one-half of the 2-year 
2-year 
1 0-year 

The calculated storage volume shall be increased by a safety factor of 30 percent. 

BW 19: Water Quality Treatment Design Standards 

Audwrity: Amendment to the Design Manual approved through adoption of the Issquah 
Creek Basin Plan 

New developments in the Issaquah Creek basin that require drainage facilities under the 
current Design Manual shall achieve phosphorus removal using one of the following options: 

1. A wetpond or combined detentionlwetpond with a permanent pool volume equal to 4.5 
times the volume of runoff from the mean annual storm (VBIVR = 4.5). 
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We VBIVR ratio is the volume of the wetpond basin divided by the volume of the 
runoff from the mean annual storm. The mean annual storm is equal to 0.56 inches at 
Landsburg. Mean annual storm precipitation can be adjusted for intermediate locations 
using the 2-year, 24-hour isopluvials ap a guide. Runoff 'shall be estimated using a 
runoff coefficient of 0.9 for impervious areas and 0.25 for pervious areas. Forested 
areas need not be included in the calculation for pond sizing (zero runoff is assumed). 
The S B ~  model shall not be used for estimating mean storm runoff values. 

Pond volumes can be reduced for forest retention above 25 percent, according to the 
following schedule: ' 

2. Forest retention of 60 percent or g r q r  in addition to one of the following facilities: 
, biofiltration swale, filter strip, wetpond; or combined detentiodwetpond with a VBIVR 

of 3.0. ' 

3. In addition to the above options, the use of two additional optionsinvolving sand 
filtration and infiltration are possible through a variance submitted a the SWM 
Division: 

A. A biofiltration swale, filter strip, or wetpond with a VBIVR of 3.0 followed by a 
sand filter: or a single large sand filter. 

B. Soil infiltration, if soils are suitable. Soils that are suitable' for water quality 
treatment have relatively slow infiltration rates (less than or equal to 2.4 inch- 
eslhour), as well as specific characteristics of organic content, &tion exchange ''; 

capacity, or grain size distribution. 

Finally, if it can be demonstrated by the applicant that an alternative facility or 
combination of facilities is equally'effective for phosphorus removal, then a variance 
request from this requirement can be submitted to the SWM Division for approval. 
Guidance on facility design is available from the SWM Division. 
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REQUIREMENTS IN SPECIFIC SUBBASINS 

EF 2 & NF 2 Factors for Evaluation of Master Planned Developments 

Authority: Advisory to permitting agencies 

The following factors should be considered by applicants and county review staff in ap ing ,  
preparation, and review of all proposed developments within the East Fork and North Fork 
subbasins that meet requirements for preparation of a Master Drainage Plan (MDP) or 
Environmental Impact Statement (EIS) under King County codes. 

1. The impacts of site development on the diversity, productivity, resilience, or habitat 
value of North Fork Wetland 7. 

2. The impacts of site development on phosphorous loading from the tributaries draining 
to the North and East Forks of Issaquah Creek. 

3. The impacts of site development on stream-channel erosion and transport of sediment 
to the North and East Forks of Issaquah Creek or Patterson Creek. 

4. The impacts of site development on diversity and abundance of anadromous fish in the 
North and East Forks of Issaquah Creek or Patterson Creek; and 

5. The impacts of' site development on the frequency and duration of flood flows in the 
North and East Forks of Issaquah Creek. 

UI 2 Standards and Performance Goals for New Subdivisions and Segregations 

Authority: Impervious sufaces - Amendmnf to KCC 21A.12.030 approved through adoption 
of the Issaquah Creek Basin Plan 

Otherwise, language is advisory to permitting agencies. 

All new subdivisions and segregations in the Upper Issaquah subbasin should comply with the 
following conditions in addition to those specified in UI 1 #2 and #3. Compliance should be 
ensured by DDES through permitting processes. 

1. Impervious Surface: All subdivisions and short subdivisions in rural residential zones 
within the North Fork subbasin shall have a maximum impervious surface area of 8% 
of the gross acreage of the plat. Distribution of the allowable impervious area among 
the platted lots will be recorded on the face of the plat. Impervious surface of roads 
need not be counted towards the allowable impervious area. In cases where both lot- 
and plat-specific impervious limits apply, the more restrictive shall be required. 
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2. Lot Siting: Subdivisions and segregations should be designed to avoid siting of 
residential lots in the steep inner gorge of Carey Creek. 

3. Road Crossings: New road crossings associated with subdivision or segregation 
development should utilize bridges that fully span the stream channels of Holder and 
Carey creeks. 

4; MDP and EIS Requirements: In addition to the above requirements, all developments 
that are partially or wholly within this' subbasin that meet requirements for preparation 
of a Master Drainage Plan (MDP) or Environmental Impact Statement @IS) under 
King County codes should include the following elements within the scope of the MDP 
atidlor EIS: 

, - 1 .  

A. The impact of developmen't on natural bjdrologic processes in the Holder and 
Carey Creek subbaiiris, as evaluaed by pred6ti&d postdevelopment changes in the 
magnitude and dursition of high add low flows; . 

B. The impact of development on natural hillslope-sediment processes 'in these sub- 
basins, evaluated by predicted post-development changes in the quantity of hill- 
slope erosion and the.rate of sediment delivery into stream channels; 

C. The impact of development on water quality in Holder and Carey Creek and 
subbasin wetlands, evaluated by predicted post-development changes in water 
chemistry. 

NF 3 Wetland 7 Management Area 

Authority: Impervious surfaces--Amendment to KCC 21A. 12.030 approved through adoption 
of the Issaquah Creek BaSin Plan 

Authority: R D  Standardr-Amendment to the Design Manual approved,thmugh adoption of the 
Issaquah Creek Basin Plan 

In order to prevent further degradation of North Fork Wetland 7, the largest riparian wetland 
in the'Issaquah Creek basin, the following performance standards shall apply to all new 
subdivisions, short subdivisions, and Master Planned Developments in the area'of the North 
Fork subbasin draining to the wetland: 

1. All subdivisions and short subdivisions in rural residential zones within the North Fork 
.. subbasin shal1 have a maximum impervious surface area of 8% of the gross acreage of 

the plat. Distribution of the allowable impervious area among the platted lots will be 
recorded on the face of the plat. Impervious surface of roads need not be counted 
towards the allowable impervious are& In cases where both lot- and plat-specific , 

impervious limits apply, the more restrictive shall be required. 
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2. For all lands draining to Wetland 7, on-site RID facilities shall be designed to the 
standard specified in BW 2: Erosion Protection Standard. In addition, the stormwater 
conveyance, detention, and discharge facilities shall maximize infiltration potential to 
recharge the groundwater on which Wetland 7 depends. Whenever possible, the 
drainage system shall use perforated pipes in gravel trenches for stormwater convey- 
ance and dispersal systems in undisturbed vegetation for stormwater discharge, and the 
detention ponds shall be designed to encourage infiltration. 

T 2 Site Development Requirements 

Authorio: ~mendment to the Design Manual approved through adoption of the Issaquah 
Creek Basin Plan 

All new residential or mixed-use developments in the Tibbetts subbasin that meet requirements 
for preparation of a Master Drainage Plan (MDP) under King County drainage code shall 
comply with the following standards. Compliance shall be evaluated the SWM Division in the 
scoping, review, and approval of the MDP. 

1. Stormwater discharges from developed areas must bypass the steep channel reaches of 
Cougar and Squak Mountains by continuous pipeline to the valley floor. Detention to 
the standards of BW 1: Flow Reduction Standard must also be provided. 

2. In order to control erosion and sediment transport to downstream areas, no more than 
60 percent of the site shall be cleared of its natural vegetation. Uncleared land shall be 
located in one or more open space tracts. No subsequent clearing of these tracts shall 
be allowed. In addition, a stringent temporary erosion and sediment control plan shall 
be initiated to minimize construction-related erosion. 

3. Approval for the Master Drainage Plan shall be contingent on the completion of those 
downstream flood control and drainage projects that are deemed essential by SWM and 
the City of Issaquah to control current surface--water problems. 
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1.0 SUBJE,CT TITLE: B6aver Lake Management Plan 

Beaver Lake Management P l  an C L C i i K  
ViHG C c u ~ T y  ~ l l l ~ k c l ,  

Oepartmentllssuing Agency 

Department face Water, Management D i v i s i o n  

1.1 EFFECTIVE DATE: The e f f e c t i v e  da te  o f  t h l s  Publ i c  Rule i s  t h i , r t y  days 
a f t e r  the  . f i l i n g  date w i th  t h e  C le rk  o f  t h e  Counci l .  

KCC 9.08 

Enective Date 

June 8, 1995 

1.2 TYPE OF, ACTION: NEW. 

Approved 

/ 

1.3 KEY WORDS: (1) Drainage; (2) Tot,al Pho,sphorus Removal ; (3) Permit  Review; 
(4)  Lake Management. Plan; (5) Design Manual; (6) Surface Water Management 
D iv i s ion ;  (7) Department o f  D e ~ e l  opment and Environmental Services. ' 

2.0 PURPOSE: To designate t h e  Beaver Lake watershed a spec ia l  management area f o r  
t o t a l  phosphorus l oad ing  c o n t r o l  and t o  . e s t a b l i s h  a standard procedure f o r  
eval  u a t i n g  drainage p l  ans and re1  ated mater i  a1 s f o r  appl i c a t i o n s  o f  development 
w i t h i n  the  Beaver Lake Watershed ( w i t h i n  t h e  East Lake Sammamish Drainage basin)  
f o r  t h e i r  conformance w i t h  an 80% t o t a l  phosphorus l oad ing  reduc t i on  goal o r  
AKART (a1 1 known, av,ai 1 able, and reasonable methods o f  prevent ion, c o n t r o l  and 
t reatment)  as app l i ed  t o  a l l  new stormwater inputs .  

3.0 ORGANIZATIONS AFFECTED: 

3.1 Landowners and res iden ts  o f  unincorporated King County, Beaver Lake 
, watershed. 

. 3.2 ~ ~ p l i c a n t s .  

3.3 Department o f  Development and. Envi ronmental Services .(DDES) o r  i t s  
successor agency. 

,3 .4  Department o f  Publ i c  Works, Sur face Water Management D iv i s ion ,  o r  t h e i r  
successor agencies. 

4 . 0  REFERENCES: King County Code 9.08.010 and 9.08.120; King County Code 2.98; 
Ordinance 11522; Surface Water Desian Manual. 

5.0 DEFINITIONS: I n  a d d i t i o n  t o  the  d e f i n i t i o n s  l i s t e d  i n  Sect ion 5 o f  t h l s  Pub l i c  
Rule, a l l  d e f i n i t i o n s  inc luded i n  t h e  Kina Countv Surface Water Desian Manual 
a re  hereby adopted by reference.  

5.1, "AKART" means a1 1 known, a v a i l  able, and reasonable methods o f  prevent ion,  
c o n t r o l ,  and t reatment .  
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5.2 "Eutrophic"  means a  t r o p h i c  s t a t u s  charac ter ized by moderately h igh  a lga l  
p r o d u c t i v i t y ,  more ser ious oxygen d e p l e t i o n  i n  t h e  bottom waters, some 
rec rea t i ona l  use impairment, summer ch l  o rophy l l  4 concent ra t ion  g rea te r  
than 10 p g / l ,  a  summer Secchi depth o f  t2 meters, and a  w i n t e r  t o t a l  
phosphorus concent ra t ion  g r e a t e r  than 20 p g / l .  

5.3 "Hypereutrophic" means ' a  t r o p h i c  s ta tus  charac ter ized by h igh  a l g a l  
p r o d u c t i v i t y ,  in tense a lga l  blooms, f i s h  k i l l s  due t o  oxygen dep le t i on  i n  
t he  bottom waters, f requent r e c r e a t i o n a l  use impairment, summer c h l o r o p h y l l  
4 concent ra t ion  greater  than 10 pg.11,  a  summer Secchi depth genera l l y  l e s s  
than 2 meters, and a  w i n t e r  t o t a l  phosphorus concentrat ions g rea te r  than 
30 p g / l  

5.4 "Lake Management Plan" means t h e  p lan  (and support ing documents as 
appropr iate)  desc r ib ing  the  l a k e  management recommendations and 
requirements which are formal l y  adopted by r u l e  under procedures s p e c i f i e d  
i n  K.C.C. 2.98. 

5.5 "Mesotrophic" means a  t r o p h i c  s ta tus  charac ter ized by moderate a l g a l  
p r o d u c t i v i t y ,  oxygen dep le t i on  i n  t h e  bottom waters, u s u a l l y  no 
rec rea t i ona l  use impairment, summer c h l  o rophy l l  concent ra t ion  averaging 
4-10 p g / l ,  a  summer Secchi depth of 2-5 meters, and a  w i n t e r  t o t a l  
phosphorus concentrat ions rang ing  from 10-20 p g / l .  

5.6 "O l i go t roph ic "  means a  t r o p h i c  s ta tus  charac ter ized by low a l g a l  
p r o d u c t i v i t y ,  a l g a l  blooms are  ra re ,  water c l a r i t y  i s  h igh,  a l l  
r ec rea t i ona l  uses unimpaired, summer ch l  orophyl 1  4 concent ra t ion  average 
l e s s  than 4 p g / l ,  a  summer Secchi depth g rea te r  than 5  meters, and a  w i n t e r  
t o t a l  phosphorus concentrat ions rang ing  from 0-10 p g / l  . 

5.7 "Phosphorus" means elemental phosphorus and f o r  t h e  purposes o f  t h i s  r e u l e  
s h a l l  be measured as t o t a l  phosphorus. 

5.8 "Phosphorus Concentrat ion" means t h e  mass o f  phosphorus per  l i q u i d  volume. 

5.9 "Phosphorus Loading" means t h e  t o t a l  mass o f  phosphorus per  t ime basis .  

5.10 "Tota l  Phosphorus" means the  phosphorus concent ra t ion  as determined by a  
s t a t e  c e r t i f i e d  a n a l y t i c a l  1  aboratory us ing  'EPA 365.3 o r  SM 4500-P-B, E o r  
an equ iva len t  method. 

5.11 "Trophic S ta te  Index" means a  c l a s s i f i c a t i o n  system which uses a l g a l  
biomass as the  bas is  f o r  c l a s s i f i c a t i o n  which can be independently measured 
by c h l  o rophy l l  q, Secchi depth, and t o t a l  phosphorus concentrat ion.  

5.12 "Trophic Status"  means a  c l a s s i f i c a t i o n  which de f ines  l a k e  q u a l i t y  by 
the  degree o f  b i o l o g i c a l  p r o d u c t i v i t y .  
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6.0 P O L I C I E S  

6.1 The Beaver Lake watershed as g e n e r a l l y , i d e n t i f i e d  i n  t he  Beaver Lake 
Management Plan, which i s  a v a i l a b l e  . i n  summary t o  a l l  Surface Water Design 
Manual subscr ibers  o r  f o r  purchase a t  t h e  Surface. Water Management D i v i s i o n  
o r  t h e  Department o f  Development and Environmental Services, i s  a s e n s i t i v e  
l a k e  and i s  hereby designated a c r i t i c a l  drainage area. Th is  des ignat ion  . 
i s :  

6.1.1 Exi s t i n g  who1 e-1 ake t o t a l  phosphorus concent ra t ion  f o r  t h e  c0mb.i ned 
Beaver Lake system i s  23 pg/1. Beaver Lake 1 and Beaver Lake 2, 
i n d i v i d u a l l y ,  have whole-1 ake t o t a l  phosphorus concent ra t ions  of 36 
( =t2) p g / l  and 20 ( ~tl) p g / l ,  r espec t i ve l y ;  

6.1.2 Whole-1 ake t o t a l  phosphorus concentrat ion,  ch lo rophy l l  a, and secchi 
depth i n d i c a t e  t h a t  t h e  Beaver Lake system i s  border ing  on eut roph ic  
cond i t ions ;  

6.1.3 Modeling o f  t he  Beaver Lake system's f u t u r e  t r o p h i c  s t a t u s  i n d i c a t e s  
t h a t  t h e  l a k e  wi.11 become hypereutr?ophic w i t h  a whole-lake t o t a l  
phosphorus concent ra t ions  p r e d i c t e d  t o , b e  36 p g / l .  w i thou t  a d d i t i o n a l  
phosphorus removal v i a  stormwater ' t reatment;  

6.1.4 Main ta in ing  e x i s t i n g  t r o p h i c .  s t a t u s  i s  a management p l a n ' g o a l .  To 
. ma in ta in  e x i s t i n g  t r o p h i c  s ta tus ,  an 80 percent  t o t a l  phosphor.us 

annual 1 oading removal goal was es tab l  i shed f o r  new impervious 
sur face development p r i o r  t o  stormwater discharges t o  Beaver' Lake. 

6.2 'The standards ' s p e c i f i e d  i n  Pol i c y  6.4 o f  t h i s  Pub1 i c  Rule s h a l l  apply t o  
a1 1 development proposals 1 ocated w i t h i n  t h e  Beaver Lake watershed which 
r e q u i r e  drainage rev iew as s p e c i f i e d  i n  t h e  King County Sur face Water 
Design Manual ; 

6.3 ' Development 'proposal s '  w i t h i n  t h e  Beaver Lake watershed may be exempt from . . 
management p lan  requirements i f  t h e y  demonstrate t o  the  s a t i s f a c t i o n  o f  t h e  
Department o f  Development and Environmental Serv ices t h a t  on -s i t e  sur face 5 
and stormwater r u n o f f  drainage does n o t  i n  f a c t  d r a i n  i n t o  t h e  bas in  mapped 
in 'Appendix 9.1 o f  t h i s  Pub l i c  Rule. 1 

6 .4 '  For p r o j e c t s  which c rea te  g r e a t e r  than 5,000 sq. ft. o f  new impervious 
- , sur face sub jec t  t o  veh i cu la r  use i i n  t h e  Beaver Lake. watershed, t h e  

f o l l o w i n g  c o n d i t i o n s .  s h a l l  apply,,  un less t h e  cond i t i ons  i d e n t i f i e d  i n  
Pol i c y  6.3 are documented t o  t h e  i s a t i s f a c t i o n  o f  the  Department o f  
Development and Environmental Services. 

6.4.1 The proposed stormwater f a c i l i t i e s  s h a l l  be designed t o  remove 80 
percent  o f  a l l  new t o t a l  phosphorus l oad ing  on an annual bas i s  due 
t o  new development (and associated stormwater.discharges) i n  t he  
Beaver Lake watershed where f e a s i b l e  o r  u t i l i z e  AKART i f  unfeas ib le .  
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Cur ren t l y  the  AKART standard o r  i n t e r i m  bes t  management p rac t i ces  
f o r  phosphorus s e n s i t i v e  l akes  can be f u l f i l l e d  by t h e  f o l l o w i n g  
stormwater treatment design c r i t e r i a :  

6.4.1.1 A wetpond o r  combined d e t e n t i  on/wetpond w i t h  a  permanent 
pool volume equal t o  4.5 times. t he  volume o f  r u n o f f  from 
the  mean annual storm (VBlVRm4.5). 

6.4.1.1.1 Mandatory r o o f  downspout i n f i l t r a t i o n  unless 
shown t o  be unfeasib le,  and maximizat ion o f  
f o r e s t  o r  n a t i v e  vegeta t ion  r e t e n t i o n .  

6.4.1.1.2 Pond volume can be reduced by maximizing 
f o r e s t  r e t e n t i o n  according t o  the  f o l l o w i n g  
schedule: 

6.4.1.1.3 Forest  r e t e n t i o n  areas s h a l l  be i n  t r a c t s  
dedicated t o  t h e  County. Bu f fe rs  w i thou t  
t r a i l s  can be counted i n  t he  percent  
f o r e s t  f i g u r e .  

6.4.1.1.4 - The VB/VR r a t i o  i s  t he  volume o f  t h e  wet pond 
bas in  d i v i d e d  by the  volume o f  t h e  r u n o f f  from 
the  mean annual storm. The mean annual storm i s  
equal t o  0.46 inches a t  Seatac. Runoff  can be 
est imated us ing  a  r u n o f f  c o e f f i c i e n t  o f  0.9 f o r  
impervious area and 0.25 f o r  a l l  o the r  perv ious 
area. Forested areas i n  t r a c t s  dedicated t o  t h e  
County.need n o t  be inc luded i n  the  c a l c u l a t i o n  
o f  pond s i z i n g  (i . e. zero new r u n o f f  vo l  ume 
assumed). I f  t h i s  method i s  used i n  o the r  
areas, and Seatac p r e c i p i t a t i o n  s t a t i s t i c s  
under-estimate the  r a i n f a l l  as judged by t h e  
i s o p l  u v i a l  d i s t r i b u t i o n  o f  t h e  2-year 24-hour 
p r e c i ' p i t a t i o n ,  t he  mean annual r a i n f a l l  should 
be ,adjusted upward. 
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6.4.1..2. . A1 though current King County SWM designs are not 
complete for sand fi 1 tration, incorporation of 
sand filters into stormwater treatment facil i ty 
designs (i .e.. treatment trains) can be pursued , 

through the variance process to achieve 
additional total phosphorus removal . The 
proponent must demonstrate that equivalent or 
improved total phosphorus treatment can be 
expected.'with an alternative treatment system 
,which incorporates sand filtration than by 
methods described in 6.4.1.1. 

6.4.1.3 Where soiq are suitable, on-site infiltration of 
storm water runoff can be pursued through the 
variance process as an AKART a1 ternative. . Soil s 
are considered suitable for infiltration if at 
least two feet of soil exist where one of the 
following soil conditions are met: 1) the 
cation exchange capacity of the soil equals or 
is greater than five'milliequivalents; 2) the 
organic content of the soil is equal to or 
greater than:;five percent; 3) the grain site 
d'istribution;'of site soils is equivalent t o  not. 
more than 25 ,percent gravel by weight (75 
percent passing the #4 sieve) and of that 
passing the #4' sieve, either a) 50 percent 
minimum passes: the #40 sieve and two, percent 
minimum passes the #lo0 sieve, or b) 25 percent 
minimum p,asses the #40 sieve and five percent 
minimum passes the #ZOO .sieve; and 4) the 
infiltration!rate is 2.4 incheslhour or less. 
Additional ly, the proponent must demonstrate 
that equivalent or. better phosphorus treatment 
can be expected with on-si te infiltration than 
by methods described in 6.4.1. 

,6.4.1.4 As the King county Surface Water Design Manual is 
updated and additional treatment options. and designs 

. . for total phosphorus' removal become avai 1 able, 
alternative treatment systems may be utilized if the 

' AKART standard for phosphorus removal can' be 
demonstrated':' 

6.4.2 Hydrologic analysis shali be determined using a continuous 
hydro1 ogic model such as ..the Hydro1 ogit Simul at ion Program-Fortran 
(HSPF), the King County Runoff Time Se,ries program (KCRTS), the 
Santa Barbara Urban Hydrdgraph, or the VB/VR methodology. . These . . 

method01 ogies may be revised or superseded by other methodologies 
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f o r  achiev ing the  same performance goal as s t i p u l a t e d  b y  f u t u r e  
r e v i s i o n  t o  the  Surface Water Design Manual. 

6 . 5  This  Pub l i c  Rule w i l l  o n l y  be i n  e f f e c t  u n t i l  December 31,  1996 
unless a Lake Management D i s t r i c t  has been formed f o r  t he  Beaver Lake 
watershed i n  1996. 

6 .6  I f  any p o r t i o n  o f  t h i s  Publ i c  Rule o r  i t s  app l ica t i ,on  t o  any' person 
o r  p rope r t y  i s  he ld  i n v a l i d ,  t h e  remainder o f  t h i s  Publ i c  Rule o r  t h e  
a p p l i c a t i o n  o f  the  p r o v i s i o n  t o  o the r  persons o r  p rope r t y  s h a l l  no t  
be a f fec ted .  

6 .7  This  Pub l i c  Rule i s  exempt from the  r u l e  o f  s t r i c t  c o n s t r u c t i o n  and 
. s h a l l  be l i b e r a l l y  construed t o  g i v e  f u l l  e f f e c t  t o  t h e  ob jec t i ves  
and purposes f o r  which i t  was adopted. 

7 . 0  PROCEDURES 

R e s ~ o n s i  b i l  i t y  A c t i o n  

DDES 7 . 1  I d e n t i f i e s  t h a t  t he  p r o j e c t  i s  i n  t h e  Beaver Lake 
watershed. 

DDES 7 . 2  Informs a p p l i c a n t  t h a t  t he  p r o j e c t  i s  l oca ted  i n  t he  
Beaver Lake Management Plan area. 

Appl i cant  7 .3  Submits a d d i t i o n a l  i n fo rma t ion  which e i t h e r :  

7.3 .1  Demonstrates t h a t  the  p r o j e c t  qua1 i f i e s  f o r  t he  
exemption i n  P o l i c y  6 .3 ;  o r  

7 . 3 . 2  Complies w i t h  P o l i c y  6.4.  

DDES 7.4  Reviews t h e  m a t e r i a l s  submitted i n  s tep 7 .3  and 
determines i f  i t  complies w i t h  the  Beaver Lake 
Management Pl  an. 

7 . 4 . 1  Returns inadequate ma te r ia l  t o  t h e  app l i can t  
w i t h  s p e c i f i c  i n s t r u c t i o n s  t o  comply w i t h  step 
7 .3 .  

7 .4 .2  Forwards adequate engineer ing p lans t o  be 
processed according t o  t h e  es tab l ished rev iew 
process. 
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8.0 RESPONSIBILITIES 

8 .1  The Surface Water Management D i v i s i o n  i s  respons ib le  f o r :  

8.1 .1  Amending t h i  s Beaver Lake Management .'Pl an Publ i c Rule i f  
requirements o f  t h e  Beaver Lake Management Plan P u b l i c  Rule 
warrant  a1 t e r a t i  on. 

8.1.2 updat ing t h e  Beaver ~ a k ?  Management Plan Publ i c  Rule as new 
in fo rma t ion  becomes avai  1 able.. 

8.2 The DDES i s  responsib le f o r :  

8.2.1 I d e n t i f y i n g  each p r o j e c t  which i s  w i th . in  t h e  Beaver Lake 
Management P l  an area. 

8.2.2 Determining i f  t h e  m a t e r i a l  submitted by the  app1,icant 
complies w i t h  e i t h e r  P o l i c y  6.3 o r  P o l i c y  6.4 o f  t h i s  Pub l i c  
Rul e. 

8.3 The app l i can t  i s  responsib le,  a t  a minimum.for': 

8.3.1 Demonstrating t h a t  t h e . p r o j e c t  complies w i t h  Pol i c y  6.3 o r  
w i t h  ' the  requirements i n  Pol. icy 6.4 o f  t h i s  P u b l i c  Rule. 

9.0 APPENDICES 

9.1  Map . o f  t h e  Beaver Lake Management Plan .Area. Precise borders of t h i s  
management area are i n d i c a t e d  on t h e  Beaver Lake Watershed Map a t  t h e  
DDES permi t  center.  
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King Counv Surface Water Management 

Watershed Boundary 
- . . .. , .. , Parcel Boundary 

Road 
Lake 
Lake Outlet 
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Aerial Pholor, 9.1409.  1:13.500; Aariol Photor. 4.1 109.  1 :7.200: King County Wollond 
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AREAWIDE P-SUFFIX CONDITIONS 

The Bear Creek Community Plan calls for protection of areas prone to water-induced ero- 
slon, streams, other environmentally sensitive areas, and heritage sites. The Plan also 
calls for the development of 'a  public equestrian trail system and for transportation impro- 
vements. To achieve these goals, conditions 01 site plan approval are applied to all pro- 
perties in the Bear Creek planning area. A description of the conditions and maps of 
the areas where each of the conditions apply follows. The detailed maps in the Zoning 
Maps section shows a "P" suffix attached to the zone symbol for each zoning designa- 
tion. The Building and Land Development Division,has a parcel-specific record of Which 
P-suffix conditions apply to each property. 

P-SUFFIX CONDITIONS FOR BEAR CREEK STEEP SLOPE AREAS 

The King County Comprehensive Plan designates the Snoqualmie Valley Rural. A major' 
reason for this designation is to protect lands within the agricultural district from the 
impacts of surface water runoff caused by increased impervious surfaces (pavement) or 

, development without special measures to'avoid such problems. For this reason, the 
following "P" suffix conditions of site plan approval are applied 'to properties within areas, 
considered to pose a threat to downstream development unless special measures are 
taken. 

Steep slope areas in the Bear Creek planning area are extremely susceptible to water- 
induced erosion, which can result in rapid formation and growth of steep ravines. These 
ravines are capable of undercutting property and roads, and are a safety hazard. Existing 
natural drainage systems mitigate this danger. through dispersing and slowing runoff in the 
areas tributary to these steep slope areas. Alteration of natural drainage systems serves 
to concentrate runoff flows and to accelerate the rate of runoff, both of which encourage 
rapid and. severe stream-channel erosion. 

Due to the extreme sensitivity of property in the indicated drainage areas to water- 
induced erosion and the resulting potential for danger to the safety of persons and pro- 
perty in these areas, the following conditions shall apply to all development in the 
indicated areas unless the applicant can demonstrate that their project is so categorized 
in error, because either: 

1. Site drainage does not in fact drain over steep slopes, 

2. The downstream drainage pathway is not underlain by erodable granular soil anywhere 
along i t s  route, or 

3. The site is underlain by permeable sediments that will infiltrate and dissipate runoff 
even after clearing and development. 

I f  these exemptions are not met, a Drainage Control Plan shall be reviewed and approved 
by BALD for all development in this area whenever a proposed development requires a 
building permit', conditional use permit, unclassified 'use permit, variance, rezone, planned 
unit development, subdivision, short subdivision, right-of-way use permit. or grading permit. 
A list of exemptions. such as garden use -of right-of-ways, will be deve1,oped to waive 
Drainage Control Plan requirements lor proposed uses that will not impact surface water 
runoff quantities or rates. Once a drainage plan is approved through the subdivision or 
MPD process, individual building permits on the same property will not require another 

.drainage plan. 



Unless otherwise exempted. the following condilions shall apply: 

1. Stormwater detention shall contain up to  the 100-yearI24-hour storm.   el ease shall 
be at 50% of the 2-year 'lorested release rale up to and including the 2-year/24-hour 
storm, at the forested 2-year rate up to the 10-year/24-hour storm and 'at the 
lorested 10-year rate for the 100-yearl24-hour storm. ' These rate controls may be 
modified if discharge is via lightline to below the area of severe erosion poteritial. 

2. Developed condilions will assume 100% removal of forest canopy, Unless expressly . 
prohibited by recorded easement or restriction; plus existing, proposed, and antici- 
pated impervious 'surfaces. 

3. Point discharge from detention systems will be only into drainage channels that con- 
vey surface water in the pre-developmenl state. Dispersed discharge will be 
evaluated. as a potential alternative, j 

4. Drainage entering the site from developed upstream areas must be detained and 
released under the same criteria as runoff generated onsile. 

5. 'installation of the critical drainage control features, as scheduled and delineated in 
the' Drainage Control Plan' as approved by BALD, shall be ir~slarled pr ior. to an'y land 
clearing, vegetation removal,. site grading, road construction pr  utility installation. 
Only those activities associated with pre-dev,elopment exploration, such as surveying 
and performance of soil tests and limited clearing and grading associated with 
construction of the drainage facilities. will be permitted prior to  completion of the 
drainage control system. 

6. I n  those situations where features of the..drainage system or subsequent development 
make. installation of the final drainage system impossible, a phased Drainage Control 
Plan will be developed which provides the required level of retention/dete'ntion .to the 
entire site at all limes. 

Thesq conditions are applied . to  all of the lands that lie on or drain onto slopes over. 40% 
on the eastern edge of the Bear Creek planning area as shown on the Steep Slope 
Areas/Basin Boundaries map.' 'The combination of very low residential density and special 
development conditions deve'loped by the Reso'urce Planning Section, the geologist at the 
~ u i l d i n ~  and Land Development Division. the Surface Water Management Division and 'a 
water quality specialist from ,Metro are intended to reduce or eliminate major surface 
water runoff impacts of development .in 0ear Creek on the Snoqualmie valley. 

These special drain.age conditions are .also applied l o  some areas of the Bear Creek 
planning area outside the one home per ten-acre Rural area as shown on the Sleep 
Slope. Areas/Basin Boundaries map. ~ h e s e  areas include steep portions of Union Hill and 
areas surrounding Patterson Creek. Again, the purpose of these conditions is to protect , 
downstream properties and water quality from the impacts of increased impervious sur- ; 

faces. I 
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P-SUFFIX CONDITIONS FOR STREAM CORRIDORS 

All development within 150 feet of identified streams in the Bear Creek planning area 
(Washington Department of  Natural Resources Stream Types map)* will be reviewed for 
impacts to  streams. A sensitive area study will be  prepared for any proposal that does 
not place required stream corridor easements in separate tracts, that proposes the use of  
streams for control or discharge of storm or surface water, 'or that proposes alterations 
of streams. Proposals that have no required corridor easement, that place stream corri- , 

, lor easements in a tract, that do not utilize streams for control or discharge of  storm or 
surface water, and do not alter slreams do not need to  prepare a sensitive area study for 
streams. Other sensilive area special 'studies may still be required. 

AII sensitive area stream studies shall contain: 

A. Map of the project area including: 

reference streets and property lines; 
existing and proposed easements, rights-of-way, and structures; 
contours at t he ,smallest readily available intervals; 
hydrology: water movement into, through and of f  of the project area, including 
st reams showing Depart men1 of  Natural Resources (DNR) classification and 
wetlands showing King County inventory rating, and including seeps, springs. 
saturated soil zones, seasonal or intermittent swales and subsurface re turn ' f low 
zone. Streams noted as "unclassified" in  the King County Sensitive Areas Map 
Folio or which do not appear in County or DNR maps should be  labeled 
"unclassified." Wetlands not in the County inventory should be labeled 
"uninventoried." 
tops and toes of slopes and embankments; 
location of required buffer, corridor limits, and building setback lines (BSBL); 
location of normal winter base flow edge; 
location of all trees at least 8" diameter breast height (DBH) within 100' of the 
stream centerline but outside the proposed stream corridor; 
the toe of any slope adjacent to  or 25' or less from the stream; 
the edge of any riparian wetland, and required buffer and BSBL; 
proposed stream .crossings for utilities, roads, walkways, or other purposes; 
proposed trails within the stream corridor. 

8. Written reports detailing: 

1. how the study was performed: 
2. description of the project site and its condition: 
3. the proposed action and potential environmental impacts of the proposed project 

l o  the stream; 
4 .  the measures proposed l o  avoid or lessen the project's impacts (during 

construction and permanently). When plantings are proposed, detail species to  
be used, timing, and planting techniques.. 

5, characterization of riparian vegetation; 
6. discussion 01 soil types adjacent to  the stream, based on Soil Conservation 

Service m,aps or site-specific soil analysis where available (indicate source); 
7. documentation of the presence or absence of salmonids in Type V or 

unclassified streams, based on the. State Department of Fisheries Catalogue of 
Streams and Salmon Utilizations. Metro Stream Resource Inventories, or State 
Game Department Game Fish Distribution in Selected Streams Within the Lake 
Washjngton Drainage Basin. ~83-9. Electrofishing on site or the equivalent may 



be necessary if no existing documentation is available. 
8. when a stream crossing is proposed, discussion of salmonid use of the affected 

reach. for spawning, rearing, or 'migration; 
9. when restoration such as revegetation is discussed, documentation of vegetation, 

erosional, and landslide failures. 

The following limitations and condilions on development in stream corridors will apply: 

A.  All stream corridors shall be designated as native growth protection easements 
(NGPE) in the following development processes: . 

Rezone, formal subdivison, planned unit development (PUD), master planned 
de~elopment (MPD). multifamily, residential or commercial'building permits, 
variance, shoreline, conditional use and unclassified use. 

The purpose of the NGPE is to prevent disturbance or removal of vegetation and to 
prohibit structures.. fills, or obstructions. 

,. ' 

8. In the following development processes each stream co'rridor designated as an NGPE':. 
also shall be placed in a separate tract. 

Rezone, formal subdivision, planned unit ,development (PUD), master plan deve- 
lopment (MPD), shoreline conditional use and unclassified use. 

C. Extent of Corridors 
Stream corridor NGPEs and tracts will be sized, according to the following criteria: 
(Upon adoption of the Sensitive  rea as Ordinance, the more stringent .regulations shall 
apply .) 

1. Streams unconstrained by adjacent hazardous areas (Unconstrained Stream 
Corridors figure): 

a. For all DNR Type I-IV streams and for DNR Type V streams which are 
shown i o  be habitat for, salmonids, a minimum 100' buffer from 'the top-of- 
bank on both sides shall be provided and designated as a NGPE. and a 15' 
building setback line (BSBL) will extend landward from the edge of the 
tract. 

b. For Type V streams which are not salmonid habitat, a minimum 25' buffer 
from the stream center line. on both sides shall be. provided and designated 
as a NGPE, and a 15' BSBL will extend landward from the edge of the 
tract. 

2. Streams constrained by riparian (streamside) wetlands (Wetland Constrained 
Stream Corridor figure): Existing: sensitive areas requirements for wetlands shall 
apply unless stream corridor requirements are more restrictive. 

3. Streams constrained by slopes 30°h and greater (Slope Constrained Stream 
Corridors figure): 

a. . For streams adjacent to or within 25' of the toe of slopes which are less 
than 100' in horizontal length. a buffer shall extend 25' beyond the top of 
slope and a 15' building setback line (BSBL) shall apply. The corridor shall 
be designated as NGPE. These requirements shall also apply i f  slopes are 



variable. that is, having Small benches or terraces but also having an 
overall slope of 30% or .greater. 

For streams adjacent to Or within 25' of the toe of slopes which are 
greater than 100' in horizonlal length, a buffer shall extend 125' beyond the 
top of bank or the water's edge and a 15' BSBL shall apply. The Corridor 
shall be designa1e.d as NGPE. This requirement shall apply i f  slopes are 
variable, that is, having small benches o[ lerraces but also having an 
overall slope of 30% or greater. 

c. A minimum 100' buffer from the top of the bank on each side of the 
stream designated as NGPE and a 15' BSBL shall be provided for all 
streams. 

0. The use of streams for discharge or control of storm or surface water is subject 10 

the following conditions: 

1. .In approving the use of streams lor storm or surface waler control, BALD. staff 
shall ieview drainage and stream ,studies and apply conditions which minimize 
impacts on the hydraulic regime of the stream and impacts to wildlife habitat 
and water quality. These conditions include: 

a. NO stormwater will be discharged directly or piped into a stream. 

b. Discharge shall occur in a manner which mimics natural conditions, such as 
by meandering grass-lined swales, infiltration trenches, perlorated pipe, 
sheet flow through the vegetation of the corridor or other designs which 
BALD approves and which eliminate the sediment load and dissipate the 
energy of inflows. 

c. BALD may require construction of an on-site sedimentation and storage 
system which intercepts water entering the stream. 

E. Alterations of streams and stream ban,ks are subject to the following conditions: 

I .  Stream banks and their associated corridors shall not be altered without written 
review and approval by BALD and other pertinent agencies such as Washington 
Department 'of Game or Fisheries: 

2. Streams may be placed in culverts only when no alternative exists to gain 
access to developable property. 

3. Stream relocation is allowed only in DNR Type V streams and only when: 

a. relocation is necessary to provide reasonable use of the property, and 

b. reconstruciion creates a new increase in both in-stream and riparian habitat 
over former conditions. 

c. the new channel is designed to maximize fisheries habitat value, 

d. revegetation of the new slreamside uplands and banks provides for cooling 
shade. fish shelter, detritus inputs to the stream, bank stabilization, and 
stream channel protection from human and domestic animal intrusion. 



e, new vegetation on the bank and adjacent uplands has been established for 
a full growing season prior to introduction 01 the new stream flows, and 

1. . the existing channel is not currently providing high quality habitat as deter- 
mined by Washington Slate Fisheries or Game Department staff. 

4, Trails may be loca'ted in stream qorridors If they will not contribute to bank 
collapse or slope erosion or re'mpve vegetation which shades or shelters the 
stream or anchors the bank. Trail access to the Stream may be placed only at 
locations, that, in the Sensitive  reas as Planner's judgement, can tolerate human 
traffic. 

F. stream Corridor Exemplions 

11 an applicant for a development proposal otherwise allowed under the applicable 
zone darnonstales that establishment Of an NGPE Of the width required in Section C 
above, .would,deny' all reasonable use Of the property, the Director of the Perks, ; 
planning and Resources Department or his or her designee may administratively 
reduce the width of the NGPE in order 10 allow the development where the applicant 
also demonstates: 

I 

1,  hit no .reasonable .... use with less impact On the sensitive area and its buffer is 
posiib!ei , snd 

2. That th'ere will be no damage to nearby public Or private property and no threat . . 

to the health or safety of people on, or off the property. 11 a reduction 01 the" 
required NGPE is granted, it shall in no event be greater than the minimum 
necessary to allow !he  applied fg! Y , s ~ .  

Note: Detailed procedures for Ihe request and consideration of a reduction in the 
required width o! the NGPE shall be drafted by the Parks. planning and 
Resources Department and be available from that department as an admi- 
nistrative rule. 

* For comparitive purp'oses, the ~ash ing tbn  Qepartmenl of Natural Resources (DNR) 
stream classification SyStem,tranSlateS to !he 'classification qystem used in the King 
County Sensitive Areas 'Ordinance (SAO) @s lollows: 

DNR 
- .  

,. SAO - 
Type I Olpss 1 
Type Il-IV F!ass' II 
Type V (with salrnonids) fag66 II 
Type V (no salmonids) F I ~ s s  Ill 





UNCONSTRAINED STREAM 
CORRIDORS 

Total Required 
Native Growth Prptection Easement 

4 b 

H 
Top of Bank, Water Edge 

(no apparent 
Building Setback L ine 15' top of bank) Building Setback Line 

Setback measured Setback measured 
from top of bank 'from waters edge 

All year-round streams (DNR Types I - IV I  and all intermittent streams lDNR Type V )  with salmonid habitat 



UNCONSTRAINED STREAM 
CORRIDORS' , I 

Total Required 
Native Growth protection Easement 

4 - 

Setback measured Setback measured 
from top of bank from waters edge 

Intermittent  reeks (DNR Type V )  without relmonid (ralmon,trout) hebitat 



WETLAND CONSTRAINED 
STREAM CORRIDORS 

Total Ruquircd 
Na~ive  Growth Proteclion Easement 

4 * 

stream type and 
50'  on 2 Rated 

1OO'on 1 Rated 

Top of Bank Edge o f  Wetland 
def~ned by s!te study 

Setback measured 
from top of bank 

Setback measured 
from riparian wet,and edge 





P-SUFFIX CONDITIONS FOR BEARIEVANS CREEK BASIN 

, Construct ion ~ont ro ls : '  In the Bear/Evans Creek basins (see Steep Slope Areas/Basin 
Boundaries map) the best drainage conlrols feasible in light of size and circumstances of 

' 

development as determined and approved by BALD, during its consideration of necessary 
grading permits, building permits or site design, subdivision or short subdivision review, 
shall be required in order to  minimize construction damage to the sub-basin's drainage 
flows and quality. The controls shall be in place prior to the commencement of grading. 
utility location, site preparation or construction. 

P-SUFFIX CONDITIONS FOR VEGETATIVE COVERAGE AND IMPERVIOUS SURFACES 
These condilions apply to all properties in the Bear Creek planning area. 

The following conditions are interim regulations subject to modification by ordinance. 

1. Impervious Surface Controls: All roofs, roof tops and covers to permanent structures 
greater than 250 square feet in area shall be attached to a drainage system ter- 
minating in splash blocks, french drains, dry wells, or some alternalive stormwater 
infiltration control device approved by BALD. This requirement may be waived on 
lots of one acre or less where the applicant can demonstrate that its application 
would prohibit the siting of required on-site treatment systems, provided that in such 
instance the roof drainage is connected to an approved storm. water management 
system where available. 

2. Native Vegetative coverage: Until repealed, the following ~ond i t ions  shall apply: 

All property is exempt from the following clearing limitations where the applicant 
can demonstrate compliance with the performance standard that for a storm of 
,at least the 10-year frequency, post-development surface water flow release 
rates and durations will not substantially increase above pre-development con- 
ditions measured at the property edge or at any defined discharge to wetlands 
or streams. An applicant may satisfy this performance standard by providing 
detention or infiltration facilities designed and sized to be appropriate for the 
proposed development or clearing of  native vegetation and that are 
demonstrated in an approved drainage plan, as defined by King County, to 
satisfy this standard. 

In addition to requirements and limilations set forth in other ord~nances and 
regulations and provisions of the Bear Creek Community Plan and Area Zoning. 
no clearing, grad~ng or alteration of the native vegetstive cover will be allowed 
on a parcel of property except within a maximum of 3 separate areas covering 
in total no more than twenty five percent of the lot where the lot is up to one 
acre in size: not more then 9.000 square feet or twenty percent of the lot. 
which ever is greater, where the lot is greater than one acre but less than 2.5 
acres in size; not more than 21.000 square feet or fifteen percent of the lot. 
whichever is greater, where the lot is greater lhan 2.5 acres but less than 5 
acres in size; and' not more than 26.250 square feet or ten percent of the lot. 
whichever is greater, where the lot is greater than 5 acres. This regulation 
shall not preclude the iccidental removal of native vegelation necessary lor pro- 
tection of property or public health and safety, or the removal of native vegeta- 
tion to be used In the celebration of recognized holidays. 

Any property that has been developed or contains an established and recognized 
use that existed prior to the effective dale of the Bear Creek Community Plan 



and Area Zoning will be exempt ,from the clearing limitations herein except that 
any new removal of native vegetation which covers more than 10% of the lot 
area and which is in excess of these limitations will be allowed only v;here an 
equal area ,of native vegetation is re-established at some other location on the 
property: 

P-SUFFIX CONDITIO.NS FOR HERITAGE SITES 

The Bear Creek Plan identifies 30 historic slles (see Inventory of Heritage Sites figures). 
To implement plan' policies calling for preservation of these sites, the following P-Syffix 
conditions of site plan approval are applied: 

1. An environmental checklist should b e  prepared .for all historic properties identified by 
a P-suffix. (Historic resources are considered environmentally sensitive and therefore' 
are not categorically exempt from threshold determinations and environmental impact 
statement requirements of the State Environmental Policy Act.) 

2. All  permit applications and site plans shall be ,circulated to the King County Historic, 
PreservalionOfficer .for comment on the 'impacis of the project on historic resources. 
This ,includes all permits for the following types of actions: alterations 'to the 
exterior of historic buildings, new construclion on the same lot or adjacent lots under 
,the same ownership or any other action requiring a permit which might affect the . .  . 
historic character of the site. 

3. The Historic Preservation Officer may recommend approval, approval with conditions, 
or denial to the Manager of the Building and Land Development Division. 

4.  The Historic Preservation Officer may also propose that a site be considered for King 
County landmark,designation according to procedures established in the Landmarks 
Ordinance (S4828). ~ h ' e  ordinance provides that; based upon a preliminary evaluation, 
sites which appear to meet the criteria for designation shall be. for a period of up to 
six months, provided the same protection as 11 designated as a King county 
Landmark. A Certificate of '~ppropriateness would be required before making signi- 
ficant changes to the site. If the site is later designated as a ~ i n g  county 
Landmark, the Certificate of Appropriateness becomes a permanent requirement. 



V. AREAWIDE PSUFFIX CONDITIONS 

The following development conditions are applied to  properties that have similar develop- 
mental constraints or concerns that are areawide in nature. These areawide constraints 
and concerns include historic sites, erosion problem areas, Stream corridors, laterally 
migrating rivers and forest practice permits. The development conditions discussed in this 
section will be applied to  affected properties through the Building and Land Development 
Division's (BALD'S) permit and developmental review process. 

Areawide P-suffix conditions are noted for individual rsrcels in the planning area in the 
BALD Situs Data Base. The following abbreviations 111 the data base are described in 
more detail in this section. 

BALD Situs Data Base abbreviations for Areawide Psuffix* 

Item t: .Abbreviation , P-Suffix Section 

1. Stream setbacks and NGPE's required Interim Stream Corridor 
per SVCP Guidelines (p. AZ-49) 

2. Mapped Erosion. Proplan Area: Erosion Problem Areas 
Special studies outlined in SVCP (p. AZ-48) 

3. Designated Historic Site: See SVCP Histroic Sites (p. AZ-46) 

9. Laterally Migrating Rivers: 
conditions in SVCP 

Laterally Migrating 
Rivers (p. AZ-53) 

* Other BALD Situs Data Base Abbreviations are noted in this document on the facing 
page next to the zoning map where the property is located. 

HISTORIC SITES 

The Snoqualmie Valley community planning area has a rich historic background. It is 
part of the traditional and current home land 'of the Snoqualmie Tribe, and archaeologists 
and historians have verified village sites throughout the planning area. The earliest white 
settlers came to the upper valley in 1858 from Seattle, and were drawn to the area 
because of the flat land and deep soils of the upper valley. 

One of the goals of the community plan is to help promote historic and archaeological 
preservation in the planning area. Preservation of heritage sites help maintain aesthetic ' 

and cultural diversity and keeps alive the link with the area's historic and prehistoric past. 
One way to implement this goal is with the following areawide development conditions 
which require site plan approval before issuing building permits for the properties listed 
below. The requirement for site plan approval recognizes the development on a 
designated property may require special conditions to protect the public interest (K.C.C. 
21.46.1 70). In this case. the areawide development conditions require t,hat any develop- 
ment on designated Snoqualmie Heritage Sites be consistent with K.C.C. 20.62, the 
Landmarks Preservation Ordinance, and the heritage site policies of the King County 
Comprehensive Plan. 



The following policy establishes the general direction lor historic preservation ,efforts in 
the planning area: 

SOP 118 THE PRESERVATION, RESTORATION, AND ADAPTIVE RE-USE OF HISTORIC. 
ARCHEOLOGICAL AND CULTURAL SITES IN THE SNOOUALMIE VALLEY 
COMMUNITY PLANNING AREA IS ENCOURAGED TO MAINTAIN THE CHARACTER 
OF EXISTING COMMUNITIES AND TO PRESERVE TANGIBLE REMINDERS OF THE 
PLANNING AREA'S HISTORY. 

King County's Office of Historic ~reservatibn ,hgs deve1oped.a list of historic sites of 
known or potential historical significance in the COmm~nity planning area (see ~ o m m u r i i t ~  
Plan Chapters, Historic Sites and Areas). 

The King County Historic Sites Inventory survey file number, and when possible the site's 
address, appears on the detailed adopted Area Zoning maps and on the BALD Situs Data 
Base. The following conditions of site plan approval applies to properties containing 
historic structures: 

An environmental checklist should be prepared lor all historic inventoried properties. 
(Historic resources are considered environmentally sensitive and therefore are not 
categorically ,exempt from threshold determinators and environmental impact statement 
requirements of the State Environmental ~ , o l i c ~  Act.) 

O All permit applications and site plans shall be circulated l o  the County Historic 
Preservation Officer for comment' on the impacts of the project on historic resources. 
This includes.all permits f.or the f ~ l l ~ ~ i n g ' t y p e S  Of actions: alterations to the 
exterior .of historic buildings, new construction on the same lot or adjacent 'lots under 
the same ownership or any other action reguiring a permit which might affect the 
historic character of the site. 

O The Historic preservation Oflicer may recommend approval, approval with conditions, 
or denial to the ~ a n a g e r  of the Building land.~and Development Division. 

O The Historic Preservation Officer may also propose that a site be 'considered for 
County. Landmarks designation according to procedures established in the Landmarks 
Ordiriance ($4828). The ordinance provides that, based upon a preliminary evaluation, 
sites which appear to meet the criteria for designation shall be, for a period of up to 
six months, provided the same 'protection as i f  designated as a County Landmark. A 
certificate of appropriateness would be required before making significant. changes to 
the site. If the site is later designated as a County Landmark, the certificate of 
appropriateness becomes a permanent requirement. This ranking indicates local 
priorities but does not necessarily reflect prjorities for Landmarks Commission con- 
sideration or protection. The Landmarks  omm mission must consider criteria 'of 
significance, physical integrity, geographic. distribution and attrition rates in 
establishing its agendas. 



EROSION PROBLEM AREAS 

Steep slope areas (see Community Plan Map.. Erosion Problem Areas) in the Snoqualmie 
Valley community planning area are extremely susceptible to. water-induced erosion, which 
can result in rapid formation and growth of deep ravines. These ravines are capable o f  
undercutting property and roads and are a safety hazard. Existing natural drainage 
systems mitigate this danger through dispersing and slowing runoff in the areas tributary 
to  these steep slope areas. Alteration of natural drainage systems serves to  concentrate 
runoff flows and to accelerate the rate of runoff, both of which encourage rapid and 
severe stream-channel erosion. 

The following policy addresses "Erosion Problem Areas" in the Snoqualmie Valley com- 
munity planning area: 

SQP 21 PROPERTIES IN EROSION PRONE DRAINAGE BASINS ARE SUBJECT TO 
SPECIAL DEVELOPMENT CONDlTlONS APPLIED TO PROTECT THE SAFETY AND 
PROPERTY OF COUNTY RESIDENTS AND PROPERTY OWNERS THROUGH 
REDUCING OR ELIMINATING THE OCCURRENCE OF GULLY FORMATION AND 
SEVER EROSION. THESE CONDITIONS MAY INCLUDE: (A) A DRAINAGE 
CONTROL PLAN: (8) INSTALLATION OF DRAINAGE CONTROL FEATURES PRIOR 
TO ANY LAND CLEARING. VEGETATION REMOVEL, SITE GRADING, ROAD 
CONSTRUCTION, OR UTILITY INSTALLATION: AND (C) RUN OFF CONTROL 
REQUIREMENTS. ,THE AREAS KNOWN TO HAVE THESE CONDITIONS ARE 
SHOWN ON THE. EROSION PROBLEM AREA MAP. PROPERTIES CONTAINING 
THE CHARACTERISTICS OF EROSION PRONE DRAINAGE BASINS. BUT NOT 
IDENTIFIED ON THE EROSION PROBLEM AREA MAP ARE ALSO SUBJECT TO 
THESE SPECIAL DEVELOPMENT CONDITIONS TO PROTECT THE SAFETY AND 
PROPERTY OF COUNTY RESIDENTS AND PROPERTY OWNERS. TO IMPLEMENT 
THIS POLICY, KING COUNTY WILL REQUIRE DEVELOPMENT PROPOSALS TO 
PROVIDE STUDIES SUFFICIENT TO IDENTIFY SITES CONTAINING THESE 
CHARACTERISTICS OF EROSION PRONE DRAINAGE BASINS. MITIGATION SHALL 
BE REQUIRED CONSISTENT WITH THE INTENT OF THE AREAWIDE P-SUFFIX 
CONDITIONS FOR EROSION PRONE DRAINAGE BASINS AND THE KING COUNTY 
SENSITIVE AREAS ORDINANCE. 

The following conditions are proposed for all of the lands either identified as being ero- 
sion problem areas based on the Erosion Problem Areas Map or properties that studies. 
required by BALD, identify as containing erosion problem areas. The combination of 
residential density and special development conditions developed by Resource Planning 
Section, the geologist at Building and Land Develop.ment Division, Surface Water 
Management Division and a water quality specialist from Metro are intended to  reduce or 
eliminate major surface water runotl impacts of development in the Snoqualmie Valley 
community planning area. 

Due to  the extreme sensitivity o f  property in the indicated drainage areas to water- 
induced erosion. and the resulting potential for danger to  the .safety of persons and pro- 
perty in these areas, the following conditions shall apply to all development in the 
indicated areas unless the applicant can demonstrate that their project is so categorized 
in error. because either: 

(1) Site drainage does not in fact drain over steep slopes. 

(2) The downstream drainage pathway is no t  underlain with erodable granular sediment 
anywhere along its route, or 



(3)  he site is underlain by permeable sediments' that. will infiltrate and dissipate runoff 
even after clearing and development. 

I( these exemptioni are not met, a ~ r a i n a ~ e  ~ o n t r o l  Plan shall be required and reviewed 
and apprbved by BALD for all development in this area whenever a proposed development 
requires a building permit, conditional use permit, unclassified use. permit, variance, 
rezone, planned unit development, subdivision, shorl subdivision, right-of-way use permit, 
or grading permit. A list of exemptions, such as garden use of rights-of-way, will be 
developed to waive Drainage Control Plan requirements for.proposed uses that will not 
impact surface water runoff quantities or rates. Once a drainage plan is approved 
through the subdivision process, individual building permits on the same property will not 
require another drainage plan. 

Unless otherwise exempted, the following conditions shall apply: 

(1) Stormwater detention shall contain up to the 100-year/24-hour siorm. Release shall 
be at the predevelopment 2-year rate up to the 10-year storm and match the pre- 
development 100-year rate up to the 100-year storm. The pre- and post-development 
performances lor a storm with one-half the two-year rainfall must also be matched. 
These rate controls may be modified if discharge is via tighlline to below the area of 
severe erosion potential. 

(2) Developed conditions will assume 100% removal of forest canopy, unless expressly 
prohibited by recorded easement or restrict/on; plus existing,. proposed, and antici- 
pat ed impervious surfaces. 

(3) Point discharge from detention systems will,be .only into drainage channels that ,con- 
vey surface water in the pre-development state. ' Dispersed .discharge will be 
evaluated as a potential alternative.. 

(4) Drainage entering the site from developed upstream areas must be detained and 
released under the same criteria as runojf generated onsite. 

(5) Installation of the critical drainage control features, as scheduled and delin,eated in the 
Drainage Control Plan as approved by BALD, shall be installed prior to any land 
clearing, vegetation removal, site 'grading, road construction or utility installation. 
Only those activities associated with predevelopment exploration, such as surveying 
and performance of soil tests and limited'clearing and grading associated with 
construction of drainage facilities, will be permitted prior to completion of the 
drainage control system. 

(6) In those situations where.. features of the drainage system or subsequent development 
make installation of the fi,nal drainage systeh impossible, a phased Drainage Control 
Plan will be developed which provides the required level of retention/detention to the 
en!ire site at all times. 

INTERIM STREAM CORRIDOR GUIDELINES 

Undisturbed stream corridors support wildlife habjtat, protect water quality, provide oppor- ' 

. tunities lor recreation, enhance fishery productioh and maintain open space, and are an 
important resource in the planning area. King County Comprehensive Plan and 
Snoqualmie Valley Community .Plan policies recognize the importance of stream corridors 
and direct development ' to preserve an undisturbed corridor sufficient to maintain natural 



functions of the stream. Countywide stream corridor guidelines are also under develop- 
ment at this time and will receive full public and Council review before adoption. 

In the interim, the lollowing minimum guidelines will be used to  require new developments 
in the planning area l o  provide stream corridors. 

These guidelines implement the following Snoqualmie Valley Community Plan policies: 

SQP 8 A STREAM CORRIDOR WIDE ENOUGH TO MAINTAIN THE NATURAL 
BIOLOGICAL FUNCTIONS OF STREAMS DRAINING TO THE SNOQUALMIE RIVER 
OR ITS TRIBUTARIES SHALL BE PRESERVED IN ALL DEVELOPMENT 
PROPOSALS. BY THE USE OF NATIVE GROWTH PROTECTIVE EASEMENTS OR 
OTHER APPROPRIATE MECHANISMS. THE STREAM CORRIDORS SHALL BE 
PLACED IN SEPARATE TRACTS THROUGH THE SUBDIVISION AND SHORT 
SUBDIVISION PROCESS. 

SOP 9 TO REDUCE DISRUPTION TO STREAMS AND THEIR BANKS. BRIDGES SHOULD 
BE USED WHEN STREAM CROSSINGS ARE NECESSARY. CROSSINGS SHOULD 
SERVE SEVERAL PROPERTlESl STREAM CHANNELS SHALL NOT BE PLACED IN 
CULVERTS UNLESS THERE IS NO OTHER WAY TO GET ACCESS TO A PARCEL 
OF LAND. WHEN CULVERTS ARE REQUIRED, OVERSIZED CULVERTS WITH 
GRAVEL BOTTOMS THAT MAINTAIN THE CHANNELS' WIDTH AND GRADE SHALL 
BE USED. 

SQP 10 DURING THE DEVELOPMENT REVIEW PROCESS THE COUNTY MAY REQUIRE , 

REHABILITATION OF (A) DEGRADED STREAM CHANNELS AND BANKS 
ADJACENT TO A STREAM, (B) WETLANDS OR (C) RIVER BANKS, AS 
CONDITIONS OF DEVELOPMENT' TO ASSURE PUBLIC SAFETY, ENVIRONMENTAL 
QUALITY AND PROTECTION OF CRITICAL RESOURCE FUNCTIONS. 

The following limitations and conditions on development in stream corridors will apply on 
an interim basis until the Sensitive Areas Ordinance is amended. At that time, the stan- 
dards established by the Sensitive Areas Ordinance shall prevail. 

A. All stream corridors shall be .designated as native growth protection easements 
(NGPE) in the tollowing development prbcesses. The purposes of the NGPE is t o  
prevent disturbance or removal of vegetation and to prohibit structures, fills, or 
obstructions. All stream corridors shall be designated as native growth protection 
easements (NGPE) in the following development processes. 

Rezone, Formal Subdivision. Planned Unit Development (PUD). Master Plan 
Development (MPD), Multifamily, Residential or Commercial Building Permit. Variance. 
Shoreline, Conditional Use, and Unclassified Use. 

B. The following development processes each stream corridor designated as an NGPE 
also shall be placed in a separate tract: 

Rezone, Formal Subdivision, Planned Unit Development (PUD), Master Plan 
Development (MPD). Shoreline. Conditional Use, and Unclassified Use. 

C. Extent of Corridors 

Stream corridor NGPEs and tracts will be sized according to the following criteria: 



1. Streams unconstrained by adjacent hazardous areas: (page 23 Snoqualmie 
Community Plan map of surface water resources). 

a. For all streams which are shown to be habitat for anadromous salmonids, a 
minimum 100' corridor lrom the topof-bank on both sides shall be provided 
'and designated as a NGPE. 

b. For streams which are not anadromous salmonid habitat, a minimum 25' 
corridor from the stream center line on both sides shall be provided and 
designated as a NGPE. ' 

2. St reams const rained by riparian (streamside) wet lands. Existing Sensitive' areas 
requirements for wetland shall apply unless stream corridor requirements are 
more restrictive. 

3. Streams constrained by slopes 30% and greater. 

a. For streams adjacent to or within 25' of the top of slopes which are less 
than 100' in horizontal length. a corridor shall extend 25' beyond the top of 
slope and a 15' building' setback line (BSBL) shall apply. The cqrridor shall 
be designated NGPE. These requirements shall also apply if slopes are 
variable, that is, having' small benches or terraces but also having an 
overall slope of 30% or greater.. " 

b. For streams adjacent to or within 25' of the top of slopes which are 
greater than 100' in horizontal length, a corridor shall extend 125' beyond 
the topof-bank or the wat.er's edge and a 15' BSBL shall apply. The 
corridor shall be designated as NGPE. , This requirement shall apply if .slo- 
pes are variable that is, having small benches' or terraces but also having 
an overall slope of 30% or greater. 

c. ' A minimum 100' corridor 'designated as NGPE and a 15' BSBL shall be pro- 
vided for all streams. 

Stream Corridor Exemption 

If an applicant for a development proposal otherwise allowed under the applicable 
zone demonstrates that establishment of an NGPE 'of:the, width required in section C 
above, would deny all reasonable use of the. property, the Director of the Department 
of Parks, Planning and Resources, or his or her designee, may administratively reduce 
the width of the NGPE in order to allow the development, where the applicant also 
demonstrates: 

. . 

1. That no reasonable use with less impact on the sensitive area arid its buffer is .. 
possible; and 

2. That there will be no damage to nedrby public or. private property and no threat. 
to the health or ,safety of people on or off the property. If a reduction of the 
required NGPE is granted, i t  shall in no event be greater than the minimum 
necessary to allow the applied lor use. 

NOTE: Detailed procedures for the'request and consideration o! reduction in 
I - 

the required width of the NGPE shall be drafted by the ~epartment  o f ,  
Parks. Planning and ~ a t u r a i  Resources and be available from that . . 
department as an administrative rule. 



This stream corridor is a variable width conservancy strip which has minimum dimensions. 
The corridor protects the habitat functions of the stream during and after development. 
The minimum width of the corridor on each side of the Stream may be increased 
according to site-specific conditions. This increased setback will be determined at the 
time of development approval by .the Division of Building and Land Development. The 
following guidelines establish conditions under which the undisturbed corridor width may 
be expanded beyond the minimum requirements listed above. 

1. The corridor width may be expanded to preserve existing vegetation which: 

a. Shades the stream during the midday hours from May through September to ... 

maintain cool water temperatures. 

b. Provides food and habitat for fish. Branches which overhang the stream provide 
physical shelter from fish predators.. Furthermore, streamside vegetation provi- 
des food for fish in two ways. The foliage is habitat tor insects ,which are the 
diet of many fish. Second, the leaves which fall into the stream are the food 
source for aquatic invertebrates which are critical food for fish. 

c. Protects streambanks with roots, stems or foliage. Streamside vegetation can 
break the force of flood water and anchor soil particles with dense root masses, 
armoring the bank naturally, and protecting against streambank erosion. 

d. Intercepts and filters runoff flowing toward the stream. Low ground cover such 
as grass and moss anchors soil abov'e the streambank and filters silt-laden 
runoff which may flow toward the stream during construction. By trapping the 
silt and holding the soil, vegetation protects the gravel streambeds from siltation 
which can smother fish, fish eggs and their food sources, and fill-in spawriing 
gravel beds. 

2. Stream corridor widths shall be increased to include streamside wetlands which pro- 
vide overflow storage for stormwater, feed water back to the stream during low flow, 
or provide shelter and food lor fish. 

3. The stream corridor width may be increased when steep slopes and erosive soils are 
adjacent to the stream channel. Increasing the undisturbed area will provide the 
buffer necessary to prevent streamside erosion and intercept silts from uphill erosion. 
The corridor may be expanded up to 50 feet from the top of the stream bank when 
there are slopes between 15-30 percent grade combined with soils rated .as severely 
erosive by the U.S. Soil Conservation Service maps. The King County Conservation 
District may be consulted on the actual required width based on slope, soil type and 
existing vegetation, For slopes over 30 percent grade with severely erosive soils, the 
corridor may be extended to 15 feet beyond the first significant break in the slope. 
A significant break in the slope is delined as a bench at least 15 feet wide. 

4.  The corridor shall be dedicated as a separate tract during the platting process. Once 
land is subdivided into building lots, it is difficult to control clearing or disturbance of 
the stream corridor on those individual lots both during and after construction. This 
tract shall be maintained as a Native Growth Protection Tract (NGPT) area. The 
NGPT shall be fenced in all new plats and short plats t o  avoid disturbance of the 
buffer vegetation; provided that the type of fencing allows for wildlife movement bet- 
ween the stream corridor and the upland areas. Examples of suitable types include 
3-strand wire. 36" 2 / 4  wire, 3 rail wood, and other low fences. 



5. If a trail is to  'be constructed adjacent ,to a st.ream, It must be  located so that it does 
not contribute to '  bank collapse or remove trees, shrubs, and understory vegetation 
which shades or shelters the stream or anchors the banks. Trails should be located 
away from streams with access' points at locations which can tolerate human traffic. 

LATERALLY MIGRATING RIVERS 

Laterally migrating rivers in the ,Snoqualmie Basin presents a significant threat to . l i fe  and 
property. The Snoqualmie Valley Community Plan calls for a study of the Tolt .and 
Raging Rivers to  accurately identify all such reaches that laterally migrate. The following 
interim regulations'are in effect until regulations are adopted pursuant l o  the findings of  
the study. The following policy. addresses protection of river corridors: 

. . 

SQP 28 A STUDY OF THE TOLT AND RAGING RIVERS SHOULD BE PREPARED WHICH 
ACCURATELY ESTABLISHES AND MAPS THE LATERAL MIGRATION OF, .THESE 
RIVERS. THESE LATERALLY MIGRATING RIVERS AND TRIBUTARIES AND 
OTHER ASSOCIATED AREAS OF FLOOD-RELATED EROSION HAZARD SHOULD 

' 

RECEIVE REGULATORY FLOODWAY WlTH ADEQUATE SETBACKS OR 
PROHIBITIONS ON ALL NEW PERMANENT DEVELOPMENT WHERE REQUIRED. 

SQP 29 UNTIL SUCH TIME AS DETAILED LATERAL MIGRATION STUDIES ARE 
COMPLETED AND ADOPTED, THE HISTORICAL LOCATION OF THESE RIVER 
CHANNELS SHOULD BE IDENTIFIED AND MAPPED, AND ADOPTED AS INTERIM 
REGULATORY FLOODWAYS. 

P-Suffix Conditions along the ~ o l t  and Raging Rivers: , 

Until the study establishing the limits of channel migration in the Tolt and Raging Rivers 
has been completed, property adjacent to  the Tolt and Raging Rivers within the stretch of 
the rivers identified in. the Snoqualmie Plan map of laterally migrating rivers and which is 
also identified within the i00-year floodplains of the rivers (as shown on the Federal 
Emergency Management Agency's Flood insurance Rate Maps) are hereby designated . 
regulatory floodways for Countjl planning purposes and subject to  all of the 'county  
restrictions of the 100-year' floodway, in section 21.54.060 of the King County Code. 

FOREST PRACTICE PERMITS 

The removal of timber through forest .practice activities may cause erosion, slides and 
slumps. Siltation of streams and loss of .  wildlife habitat. The Snoqualmie Valley 
Community. Plan seeks to minimize environmental damage resulting from forest practice 
activitieq. The following policies address forest practice activities in the planning area: 

SQP 18 KlNG COUNTY SHALL NOT PERMIT VEGETATION REMOVAL UNDER A CLASS 
IV GENERAL FOREST PRACTICES APPLICATION OR ANY APPLICABLE COUNTY 
CLEARING PERMIT, UNTIL STREAM CORRIDORS. WETLAND BUFFERS. SLOPE 
SETBACKS, AND OTHER ENVIRONMENTALLY SENSITIVE AREAS ARE MAPPED 
AND PROTECTED CONSISTENT WlTH KlNG COUNTY CODE REQUIREMENTS. 

SQP 1.9 KlNG COUNTY SHALL OPPOSE VEGETATION REMOVAL UNDER A CLASS I. II 
OR Ill GENERAL FOREST PRACTICES.APPLlGATlON IN AREAS OUTSIDE THE 
FOREST PRODUCTION DISTRICT THAT ARE SUSCEPTIBLE TO CONVERSION 
UNTlL STREAM CORRIDORS, WETLAND BUFFERS. SLOPE SETBACKS; AND 



OTHER ENVIRONMENTALLY SENSITIVE AREAS ARE 'MAPPED AND PROTECTED 
CONSISTENT WITH KING COUNTY CODE REQUIREMENTS UNLESS THE 
APPLICANT COVENANTS NOT TO CONVERT THE PROPERTY FOR 
DEVELOPMENT FOR A 10 YEAR PERIOD. 

In order to implement Snoqualmie Policies 18 and 19 and protect the drainage conditions 
of .the Snoqualmie Basin, the lollowing interim P-suffix conditions shall extend to  all pro- 
perty within the Snoqualmie planning area. 

P-suffix conditions for properties which have received Class I, II or Ill lorest practice 
Permits: 

Development proposals shall not be accepted by King County tor any parcel of property 
on which a Class I, I1 or Ill forest practice activity has been initiated on or after June 15, 
1983 until the applicant demonstrates to the satisfaction of the Manger of the Surface 
Water Management Division that drainage off-site from the parcel has been restored l o  
eliminate the adverse drainage impacts of the lorest practice activity. All necessary ana- 
lysis by the applicant shall be conducted by a certified professional engineer. The 
requirement herein shall extend to  all purchasers or successors of interest to  the pro- 
perty who have had constructive notice prior to  the acquisition of the property of the 
subject forest practice activity. 











Soos Creek Basin Plan 

P-Suff i x  Devel opment Conditions 

A P-su f f i x  attached t o  a  zone c lass ' i f i ca t ion  ind icates t ha t  a  p a r t i c u l a r  
property o r  area i s  cond i t i ona l l y  sui tab1 e  f o r  the permit ted use(s) , provided 
t h a t  the property/area i s  designed and developed i n  accordance w i t h  
guide1 i nes, performance standards, permit ted uses, o r  requirements spec i f i ed  
i n  the area zoning. The purpose of a  P-suf f ix  i n  a  community p lan i s  t o  
implement community p lan po l i c i es  a t  spec i f i c  s i tes .  The Zoning Code (and 
other County Codes) are used t o  apply development condi t ions on a  County o r  
areawide basis. . P -suf f ix  condi t ions a lso assure t h a t  the pub1 i c  i n t e r e s t  i s  
protected when development occurs, and assures compati b i l  i ty w i t h i n  the commu- 
n i t y  and w i t h  adjacent land uses. 

I, Natural Systems 

A. Soos Creek Basin Streams 

The fo l lowing P-suf f ix  condi t ions apply t o  the SC-P w i t h i n  the 
urban por t ion  o f  the B ig  Soos and Soosette sub-basins: 

Cluster ing sha l l  be required f o r  a l l  subdiv is ion o f  proper ty  
" 

w i t h i n  the stream cor r ido r .  The reserve t r a c t  sha l l  be 
retained i n  permanent open space re ta i n i ng  the natura l  
vegetation. For proper t ies  adjacent t o  the streams, c l us te r i ng  
sha l l  occur on the por t ions o f  the property f u r t hes t  away from 
the stream, fencing sha l l  be required along the boundary o f  the 
reserve t r a c t  o r  along. the edge o f  the stream bu f f e r  requ i red 
by the Sensi t ive Area Ordinance, whichever i s  the greater  d is -  - 
tance from the stream. 

2. To reduce the harmful ' e f f ec t s  o f  Suburban Cluster  - Townhouse 
(SC-TN) zoning on s i g n i f i c a n t  salmon hab i ta t  i n  the Urban areas 
o f  the Soosette and Upper B ig  Soos Sub-basins: 

a. Impervious surfaces, as def ined by the 1990 King County 
Surface Water Design Manual sha l l  cover no more than 8 per- 
cent o f  the s i t e .  This percentage sha l l  be ca lcu la ted f o r  
the e n t i r e  area covered by the development proposal, 
instead o f  on ind iv idua l  , bu i l d i ng  l o t .  

b. Bu i ld ing l o t s  sha l l  be c lus tered on 30 percent o f  the s i t e .  
Cluster ing sha l l  apply t o  parcels o f  two acres o r  more. 
For a l l  parcels ( inc lud ing  those o f  one acre o r  less),  
ons i te  structures sha l l  be placed as f a r  as phys ica l l y  pos- 
s i b l e  from streams and wet1 ands. 

c. Seventy percent o f  a l l  parcels sha l l  be set  aside i n  a  
permanent nat ive growth p ro tec t ion  t r a c t .  I f  the t r a c t  
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does no t  contaln a densi ty o f  indigenous t r e e  s ecies t h a t  e i s  t y p i c a l  o f  Lower Puget Sound forests,  i t  sha 1 be 
rep1 anted w i t h  indigenous t rees and vegetat ion according t o  . ' 

a county-ipproved 1 andscape p l  ant ing and maintenance p l  an. 

d. Keeping o r  grazing o f  1 ivestock sha l l  be proh ib i ted.  

e. No new road crossings o f  Clas's 1, 2, or! 3 streams sha l l  be 
constructed. Crossing o f  streams by pub1 i c  u t i l i t i e s  sha l l  
be l i m i t e d  t o  ex i s t i ng  road 'or u t i l i t y  rights-of-way except 
as provided by K.C.C. 21.54.050. 

3. I n  the B ig  Soos sub-basin, onsi t e  re ten t ion jde ten t ion  (RID)  
f a c i  1 i t  i es .sha l l  be. designed t o  reduce post-devel opment 1 evel s 
f o r  a1 1 f lows greater ' than 50 percent o f  the 2-year event and 
l ess  than the 50-year event. Addi t i o n a l l y ,  t he  100-year post- 
devel opment peak f l  ow' sha l l  be reduced t o  pre-devel opment 
1 evel s . 
A ca l i b ra ted  continuous f low simulat ion model, such as HSPF, i's 
the pre fer red model t o  be used i n  designing these ons i te  R I D  
f a c i l i t i e s .  I f  a continuous model cannot be used, a modi f ied 
1990 King County Surface Water Design Manual method may be 
used. This modi f ied method replaces the manual's SCS Type l a  
d i s t r i b u t i o n  w i t h  a seven-day r a i n f a l l  d i s t r i b u t i o n  based on -. 
actual  storms i n  the Ruget Sound Lowlands. I n  addi t ion,  the ' 

t ime o f  concentrat ion sha l l  be computed separately f o r  pervious. 
and impervious segment and added t o  obta in  a ne t  t ime o f  
concentrat ion. Travel t ime and t ime o f  concentrat ion computa- 
t i o n s  f o r  e x i s t i n g  o r  pervious l'and segments sha l l  be based on 
the sum o f  the in te r f low,  shallow concentrated flow, and open 
channel f low. The modif ied Design Manual method sha l l  meet the 
f o l l  owl ng re1 ease goal s: 

Post-Devel opment Event Pre-Devel opment Flows 

112 the 2-year 
2-year 
10-year 

These standards sha l l  apply according t o  the procedures o f  the 
1990.King County Surface Water Des.ign Manual except t h a t  the 
threshold f o r  drai,nage review sha l l  be lowered t o ,  inc lude pro- 
posals t h a t  w i l l  construct  300 square f ee t  o r  more o f  new ' ' 

impervious su'rface where runo f f  i s  discharged onto soi  1 s other 
than the fo l low ing  So i l  Conservation Service ser ies  so i l s :  
Arents ("An" only), Evhrett, ' Indian01.a~. Klaus, Ne i l  ton, 
Pilchuck, Puyallup, o r  Ragnar. . A  s o i l s  r epo r t  may be required . 

t o  v e r i f y  the s o i l s  ser ies o r  t o  c l a s s i f y  previous unmapped 
ser ies.  



NOTE: For ons i te  re tent ion/detent ion requirements f o r  the 
Soosette Sub-basin, please see the adopted Soos Creek Basin 
Plan. 

The amount of land cleared f o r  development and covered by 
impervious surfaces. cont r ibutes subs tan t ia l l y  t o  storm water 
volumes, which i n  t u rn  con t r ibu te  t o  stream damage and f lood ing  
problems. The costs associated w i t h  such f lood ing problems are 
incurred by both p r i va te  i nd i v i dua l s  and pub l i c  agencies. 
L imi ta t ions on the amount o f  land covered by a bu i l d i ng  are one 
t o o l  t o  help reduce t h i s  damage. Townhouse design also '  mini- 
mizes t o t a l  l o t  coverage. Resul t ing reductions i n  dwell  i ng  
u n i t  s i ze  also enhance housing u n i t  a f f o r d a b i l i t y .  

The P-suf f ix  condi t ion f o r  SC-P zoned land along stream 
corr idors  i n  the urban area o f  the Soos Creek Basin includes 
the fol lowing: 

Residenti a1 development i s  1 i m i  t ed  t o  townhouse design 
only. Dwelling u n i t  f o o t p r i n t s  sha l l  not  exceed 1,000 
square feet  per un i t ,  and the f o o t p r i n t  f o r  associated 
parking structures sha l l  not  exceed 400 square f ee t  per 
dwell i ng u n i t  . Total  impervious surface coverage 
(bui ld ings,  parking areas, and d r i v e  ways) sha l l  not  exceed 
8 percent. Total s i t e  c lea r ing  sha l l  not  exceed 
30 percent. Where e x i s t i n g  c lea r ing  already ex i s t s  a t  
greater than 30 percent o f  the t o t a l  s i te ,  re fo res ta t ion  
must be provided t o  res to re  forested cover t o  the s i t e  t o  
achieve the 30 percent standard. 

0. Clear ing and Grading 

As a general ru le ,  the vegetat ion on a development s i t e  should be 
re ta ined as long as possib le t o  reduce impacts. Even a f t e r  con- 
s t r uc t i on  has begun, permanent r e ten t i on  o f  as much o f  the na t i ve  
vegetat ion as possible i s '  important and contr ibutes t o  m i t i ga t i ng  
the adverse impacts. Nat ive vegetat ion i s  adapted t o  the condi- 
t i o n s  o f  the Northwest inc lud ing summer drought, w in ter  temper- 
atures, insect  pests, and diseases. Nat ive vegetat ion provides 
food, shel ter ,  and breeding s i t e s  t o  which l oca l  w i l d l i f e  has 
adapted. 

Clear ing and grading should be 1 im i ted t o  a l l  short  p la ts ,  p la ts ,  
and commerci a1 pro jec ts  t o  p ro tec t  water qua1 i ty ,  1 i m i  t surface 
water r uno f f  and erosion and maintain w i l d l i f e  hab i ta t  and v isua l  
buf fers .  

The f o l  lowing areawide P-su f f i x  condi t ions implement pol  i c y  NR-7. 
These areawide condit ions sha l l  apply. The condi t ions sha l l  expi r e  
automat i c a l l  y  upon the e f f e c t i v e  date o f  an adopted Countywide 
c l  eari.ng o rd i  nance. 



1. Subdivisions, Short Subdivisions, and PUDs. The fo l low ing  
condit ions apply only t o  appl i ca t ions  f o r  subdivi si.ons, short  
subdivisions, and PUDs. Deviat ions from these standards may be 
allowed based on a special study prepared by a q u a l i f i e d  
forester w i t h  expert ise i n  . windthrow . o r  t r ee  disease. 

a. Lot c lear ing  dur ing road and u t i l i t y  construction. The 
bu i ld ing  envelop on each bu i ldab le  l o t  sha l l  be i d e n t i f i e d  
on the engineering plans. The fo l lowing tab le  spec i f ies  
the maximum s ize  o f  the  bu i l d i ng  envelope based on actual 
average l o t  size: 

Lot  Size ( i n  sq. ft.) Bui 1 ding Envel ope 
Greater than 15,000 5,000 sq. ft. 
9,001-15,000 35% o f  l o t  s i ze  
5,000-9,000 45% o f  l o t  s ize 
Less than 5,000, 55% o f  l o t s  s ize 

b. Lot-by-lot c lear ing.  I n  subdivisions, short  subdivisions, 
and PUDs served by on-si te sept ic  systems, c lear ing  on '' 
ind iv idua l  l o t s  sha l l  be postponed u n t i l  the  approval and 
issuance o f  the ind iv idua l  res iden t ia l  bu i ld ing  p e m i  t f o r  
each l o t .  No c lear ing  on the ind iv idua l  bu i ld ing  l o t s  
sha l l  occur dur ing the construct ion o f  roads and u t i l  i t i e s  
except t ha t  necessary t o  accommodate cuts and f i l l s  due t o  
topography and road design, Erosion and sedimentation con- 
t r o l  plans sha l l  be designed through bu i ldout  inc lud ing 
sediment pond s iz ing.  A l l  bu i ld ing  permits sha l l  have ero- 
sion cont ro l  measures consistent  w i t h  the Surface Water 
Design Manual standards. 

I n  subdivisions, short  subdivisions and PUDs served by sewers, 
the 'appl i cant may ' opt t o  postpone c l  ear j  ng on ind iv idua l  bui  1 d- 
ing  l o t s  u n t i l  the approval and issuance o f  the ind iv idua l  res- 
i den t i a l  bu i l d i ng  permits f o r  each l o t .  Under t h i s  option, no 
c lear ing on indiv idual"  bu i l d i ng  l o t s  sha l l  occur dur ing the ' . ?  ., 

construct ion o f  roads 'and u t i l i t i e s  except t h a t  necessary t o  . : 

accommodate 'cuts and f i  11 s due' t o  topography, and road 'design. 
Erosion and sediment a t i on  cont ro l  p l  ans sha l l  be designed 
through bu i ldout  inc lud ing sediment pond s iz ing.  A l l  bui ld ing,  
permits sha l l  have erosion cont ro l  measures consistent  w i t h  th,e 
Surface Water Design .Manual standards. 

C. Seasonal Clearing Res t r i c t ions  

1. Seasonal r es t r i c t i ons .  Clearing and grading sha l l  not  be 
permitted between November 1 and March 31. A l l  bare ground 

' must be f u l l y  covered o r  revegetated between these dates.' 

2. Exemptions. ' The fo l low ing  a c t i v i t i e s  are exempt from the 
c1,earing and grading! seasonal r e s t r i c t i o n :  -. 

. . 
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a. Emergencies t h a t  threaten the publ i c  health, safety, and 
we1 fare. 

b. Routine maintenance o f  publ i c  agency f a c i l  i t i es .  

c. Routine maintenance o f  ex i s t i ng  u t i l  i t y  s t ruc tures as 
provided . i n  the Sens i t ive  Areas ,Ordinance, K.C.C. 
21.54.030.0. 

d. Clearing o r  grading where .there i s  100 percent i n f i l t r a t i o n  
o f  the surface water r u n o f f  w i t h i n  the s i t e  i n  approved and 
i n s t a l l e d  construct ion-re1 ated drainage f a c i l i t i e s .  

e. Clearing o r  grading where a l l  s ta te  water qua1 i ty standards 
are met inc lud ing t u r b i d i t y .  The SWM D i v i s i on  sha l l  
develop an admin is t ra t ive  process before such exemptions 
are a1 lowed. 

f. Landscaping o f  s i  ng l  e-fami l y  residences. 

g. Class I 1  and 111 f o r e s t  pract ices.  

' h. Quarrying o r  mining w i t h i n  s i t e s  w i th  approved permits. 

i . Clearing o r  grading f o r  u t  i 1 i t y  hook-ups on approved 
res iden t ia l  and commercial bu i ld ing  permits. 

j. Completion o f  any f i n a l  c lear ing lgrad ing work f o r  
construct ion a c t i v i t i e s  which meet a1 1 appl i cab l  e permit  
condi t ions and best management pract ices f o r  a per iod o f  
t ime (not t o  exceed two weeks i n  the month o f  November i f  
dry  weather condi t ions are present). 

D. Vegetation Coverage 

1. Separate t rac ts .  I n  the r u r a l  zones 1 i s t e d  below, 20 percent 
o f  each subdiv is ion o r  shor t  subdivision sha l l  be placed i n  a 
separate t r a c t  t o  reduce surface water runo f f :  

A-R 2.5 
A-R 5 

2. Areas t o  be included. .In meeting the percent requirement, the 
appl i can t  may include a1 1 acreage set  aside i n  sens i t i ve  areas 
t r a c t  except f o r  wetlands and streams. Buffers f o r  these sen- 
s i  t i v e  areas may be included. 

When addi t iona l  acreage beyond t ha t  occupied by the above 
features i s  necessary t o  meet the percent requirement, t h i s  
land sha l l  be included i n  the separate t r a c t  but  the app l icant  
sha l l  receive f u l l  .densi ty c r e d i t  f o r  t h i s  1 and. The appl i can t  
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may reduce l o t  s izes below the minimum requi red for  t h a t  zone 
t o  accommodate the  t r ans fe r  o f  densi ty bu t  they sha l l  no t  
change the res i den t i a l  uses permitted i n  the  zone. Densi ty 
t rans fe rs  w i t h i n  th9  A-R c l ass i f i ca t i on  sha l l  be subject  t o  the 
c l us te r i ng  prov is ions i n  the A-R zone. 

The separate t r a c t  shp l l  r e t a i n  vegetat ion i n  1  arge contiguous 
are ra the r  than i so l a ted  patches, s t r i p s  o r  i n d i v i d  ual  t rees.  
Forest o r  t rees  are the  pre fer red vegetat ion type t o  be 
included i n  the t r a c t ,  shrubs are the second preference and 
grass1 ands o r  pastures are 1  east preferable. 

11. Vegetation 

i,: S ign i f i can t  t rees sha l l  be retalned on grading perm'its, 
subdivisions, and apartment, commercial, i ndus t r i a l ,  o r  i n s t i -  
t u t i o n a l  developments. as fol lows: 

a. A l l  s i g n i f i c a n t  t rees located w, i th in requ i red perimeter ''" 
I andscapi ng area; 

0 

b. Five o f  t h e  s i gn i f i can t  t rees i n  the rema in ing 's i te  
area inc lud ing  sens i t i ve  area buf fers,  o f  a  commercial o r  
i ndus t r i  a1 devel'opment; ' 

, 

c. . Ten percent o f  the s i gn i f i can t  t rees i n  the remaining s i t e  
area inc lud ing  sens i t i ve  area buf fers ,  o f  a  mu1 t i f a m i l y  o r  

" i n s t i t u t i o n a l  development; ' 

d. Ten percent o f  the s i g n i f i c a n t  t rees on i nd i v i dua l  l o t s  f o r  
s ing le  detached dwell ings, i f  any por t ions  o f  such l o t  con- 
t a i ns  erosion hazard areas. . . . 

e. U t i l  i t y  developments sha l l  be exempt from the t r e e  
,. . r e t en t i on  kequirements o f  t h i s  chapter; 

f. . F i f t y  percent o f ,  the s i gn i f i can t  t rees w i t h i n  sens i t i ve  
areas o r  surface:'water management b i  o- f  i 1 t r a t l o n  system , 

areas may be used t o  sat i ' s fy  the t r e e  re ten t i on  . k 

requi  rement ; 

g. Except as provided i n  subsection H, s i g n i f i c a n t  t rees  t o  be 
re ta ined sha l l  not  inc lude s i g n i f i c a n t  t rees  t h a t  are: 

1) Damaged o r  diseased; 
2) Safety hazards. due t o  po ten t ia l  root ,  trunk, o r  1  imb 

f a i l u r e .  



V. H i s t o r i c  Preservat ion 

Po l i c i es  CR-1 and CR-2 state:  

H i s t o r i c  resources are being l o s t  a t  a r a p i d  r a t e  i n  the Soos Creek 
area through demo1 i t i o n ,  extreme a1 t e ra t i on ,  o r  de te r io ra t ion .  An 
a t t r i t i o n  survey of h i s t o r i c  resources, i n  the  Soos Creek area was con- 
ducted i n  August 1989. The survey revealed t h a t  o f  the fo r t y - fou r  
resources o r i g i n a l  l y  inventor ied i n  unincorporated King County, on ly  
nineteen are s t i l l  e l i g i b l e  as po ten t i a l  County Landmarks. . 

The pol  i c i es ,  gu ide l  ines, and special recommendations contained i n  t h i s  
chapter seek t o  strengthen the overa l l  land use concept of the  Soos 
Creek Community Plan. Pro tec t ing a g r i c u l t u r a l  bu i ld ings  and landscape 
features such as the E l l i o t t  Farm helps t o  preserve r u r a l  character i n  
c e r t a i n  areas. Urban q u a l i t y  i s  a lso  improved by r e t a i n i n g  the best 
examples o f  past  arch i  t ec tu r$ l  design. 

1. An environmental check1 i s t  sha l l  be prepared f o r  a l l  h i s t o r i c  
resources i d e n t i  f i e d  by a P-suff i c  except where categor ical  l y  
exempt under K i  ng . County SEPA guidel  i nes . 
A1 1 permit  appl i ca t i ons  and s i t e  plans f o r  a rezone, development 
proposal, o r  demol i t ion permit, o r  o the r  land use ac t ion  sha l l  be, 
c i r c u l a t e d  t o  the County H i s t o r i c  Preservation O f f i c e r  f o r  comment 
on the  impact o f  the p ro jec t  on h i s t o r i c  resources. This includes 
a l l  permits f o r  the fo l lowing types o f  act ions:  a l t e ra t i ons  t o  the 
e x t e r i o r  o f  h i s t o r i c  bui ld ings,  o r  new const ruc t ion i n  the same l o t  
o r  adjacent l o t s  under the same ownership o r  any other ac t ion  
r equ i r i ng  a permit  which might a f f e c t  the h i s t o r i c  character o f  the 
resource. 

Add i t iona l  in format ion may be requ i red inc lud ing  bu t  not  1 i m i  t ed  
to :  

a. a v i c i n i t y  map; 

b. a ' s i t e  p lan showing the l oca t i on  o f  a l l  e x i s t i n g  and proposed 
bu i ld ings ,  st ructures,  and landscape features; 

c .  a b r i e f  desc r ip t ion  o f  the proposed p r o j e c t  together w i t h  
a r ch i t ec tu ra l  drawings showing the  e x i s t i n g  cond i t ion  o f  a l l  
bu i  1 dings, st ructures,  and 1 andscape features and any proposed. 
a1 t e ra t i ons  t o  those bui ld ings,  s t ruc tures,  and landscape fea- 
tures  over 40 years old; 

d. photographs o f  a1 1 bui ld ings,  s t ruc tures,  o r  1 andscape features 
on the s i t e  over 40 years o ld;  and 

e. an environmental check l is t .  
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3. The H i s t o r i c  Preservation O f f i c e r  w i l l  provide informat ion about 
ava i lab le  grant  assistance and t ax  incent ives f o r  h i s t o r i c  
preservation. He/She may a1 so .provide the owner, developer, o r  
o ther  in terested par ty  w i t h  'examples o f  comparable p ro jec ts  when 
h i s t o r i c  resources hav,e been restored o r  t rea ted  on a prof i t -making 
basis. 

4. 1n the  event o f  .a con f l  i c t  between the development proposal and 
adopted King County standards f o r  preservat ion o f  h i s t o r i c  
resources, the H i s t o r i c  Preservation O f f i c e r  w i l l  suggest a1 terna-, 
t i  ves t o  the owner/devel'oper which achieve the goal s o f  h i  s t b r i  c 
preservation. 

5. The H i s t o r i c  Preservation O f f i c e r  may: 

a. recommend approval, o r  approval w i t h  condi t ions t o  the Manager 
o f  Bu i ld ing and Land! Development Div is ion;  o r  

b. may propose t ha t  a resource be nominated f o r  County Landmark 
designation according t o  procedures establ ished i n  the  
Landmarks Preservat i on Ordi nance (KCC 20.62) . 

, . :. < . 1 

V I  . urbanseparators 

The fo1 lowing P-Suff ix condi f  ions implement po l  i c i e s  P-21 and P-22: 

1. A l l  subdivisions permit ted under t h i s  plan, w i t h i n  the Urban 
Separator boundary ' (see Area Zoning map) sha l l  1 i n k  i t s  open space . 
w i t h  t h a t  o f  the adjacent proper t ies  unless condi.t ions such as sen- 
s i  t i v e  areas prevent reasonable 1 inkage o f  open spaces. 

2. A1 1 proposed road locat ions through o r  on the western r idge  sha l l  
be reviewed t o  insure minimum grade disturbance and minimum cut -  
a n d - f i l l  a c t i v i t y ,  p a r t i c u l a r l y  i n  those areas most v i s i b l e  due t o  
slope, topographic o r  other condi t ions.  

V I  I. Phasi ng Urban Development 
. , 

A. Lake Desire Drainage Basin 

Propert ies i n  the 'Lake Desire Drai.nage Basin sha l l  meet a1 1 water 
qual i t y  and quant i ty  requirements as out1 ined by the King County 
Sur,face Water Management Div is ion.  These requirements must be i n  
compl'i arice wi th.  ,the State, Growth Management Act. Speci a1 a t t en t i on  
should 'be given t o  increased r e t e n t  ion ldetent  i on requirements and 
c l ea r i ng  r e s t r i c t i o n s  on'uideveloped parcels and stormwater t r e a t -  , 

ments which w i l l  ensure t h j t  t he ,  qual i t y  o f  discharged waters sha l l  
be equal t o  o r  be t t e r  than the cur rent  Lake, Desire water qual i t y .  , 



8. Growth Reserve 

A-13 Vacant and p a r t i a l l y  developed lands w i t h i n  the Phase 2 area 
w i l l  be designated Growth Reserve (GR-2.5) and remain a t  low densi- 
t i e s  u n t i l  the area annexes t o  the C i t i e s  o f  Renton, Kent, o r  
Auburn o r  a p l  an amendment appl i es urban densi t i e s .  

Mandatory c l us te r i ng  sha l l  be required. The appl i can t  w i l l  
demonstrate how urban dens i t i es  can be achieved i n  the f u t u r e  
through the submission o f  a shadow p la t .  Resubdivision o f  the  
reserve t r a c t  would be permit ted fol lowing a p lan update o r  the 
approval o f  urban zoning. 

A-14 Requests f o r  rezones i n  the Phase 2 area may be considered a f te r  
December 31, 1994 i f  an app l i ca t ion  f o r  a rezone i n  the phase 2 urban 
designated area meets a l l  the c r i t e r i a  below. A rezone may be appl i e d  
f o r  and sha l l  be considered under r u l e s  and procedures normally appl ied 
t o  the rezone process, and the rezone sha l l  not be denied so le l y  
because o f  the zoning o r  phasing associated w i t h  the property. 

a. The proposed p ro j ec t  would be consistent  w i t h  the King County 
Comprehensive Plan and the i n t e n t  of the Growth Management Act by 
encouraging i n f  i 1 1 devel opment ; and 

b.. No probable s i g n i f i c a n t  adverse environmental impacts w i l l  occur as 
a r e s u l t  o f  appropr iate ly designed development on the property; and 

c. Rest r ic t ions establ ished by the  Community Plan and Area Zoning t h a t  
are spec i f i c  t o  the property are met; and 

d. The property i s  served by a l l  necessary u t i l i t i e s  inc lud ing water 
o r  sewer, Before urban densi t y  zoning may be appl led, any needed 
serv ice area boundary adjustments w i t h i n  the establ ished LSA must 
be approved by King County; and 

e. A1 1 necessary urban f a c i l i t i e s  inc lud ing stormwater drainage, 
roads, and schools are ava i l  able o r  can be made ava i l  able t o  serve 
the devel opment ; and 

f. Transportat ion capacity ex i s t s  f o r  the increased demands placed on 
the system by the development; and 

g. The combined capac i t ies  o f  the  c i t y  and the Phase 1 area w i t h i n  the 
respective urban growth boundary are shown t o  be i n s u f f i c i e n t  t o  
accommodate year 2000 forecasts as determined by the j o i n t  planning 
process between the c i t y  and county implementing the Growth 
Management Act. 

VI I I. Covington Urban A c t i v i t y  Center 

The Covington Urban A c t i v i t y  Center was expanded t o  include a l l  
p roper t ies  served by ULID 72-S. This includes propert ies west o f  
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I X .  

Jenkins Creek and east o f  Wax Road south o f  Southeast 267th. The addi- 
t i ona l  area i s  zoned RM 900-P and i s  included i n  Phase 1. 

The f o l l  owing P-suff i x  condi t ion appl ies:  

"No mu1 ti fami l y  development w i  11 be permit ted on these proper t ies  
due t o  the po ten t i a l  impacts o f  such uses on Jenkins Creek. 
Development on these proper t ies  w i l l  be coordinated i n  a manner t o  
ensure. a consol idated access po in t  t o  SE Wax Road o r  180th Ave. SE. 
An access p lan sha l l  be reviewed and approved by 'K ing County Pub1 i c  

. Works. " 

Covi ngton Master Drainage P l  ah (MDP) : 

Further degradation o f  the  . f i shery  found i n  the Soos Creek Basin w i l l  
occur unless add i t iona l  cont ro ls '  are appl i e d  t o  e x i s t i n g  and f u t u r e  , 

devel opment i n  Covi ngton Center. 
1 .. 

The ' fo l lowing P-suf f ix  cond i t i on  sha l l  be appl ied t o  the area known as 
the Covington MDP. 

P r i o r  t o  the King County Council 's adoption o f  the Covington Master 
Drainage Plan,, appl i can ts  f o r  new p re l  iminary. subdiv is ions o r  any non- 
s ing le  fami l y  const ruct ion permits ( inc lud ing 'grading permits) sha l l  
submit f o r  'approval t o  t h e  surface water management d i v i s i o n .  a s i t e -  
spec i f i c  drainage p lan 'which m i  t i g a t e  the p ro j ec t  and cumulative 
impacts. o f  the development .pursuant t o  the 1990 Drainage Manual 
standards. \ 

X I .  Meridian Val ley Center 

NR-13 Increased on-si t e  r e t e n t  i onldetention 'requirements, as 
recommended i n  the Soos Creek Basi'n Plan, should be adopted and imple- 
mented as' an appendix t o  t h e '  King County Surface Water Design Manual. 

P-suf f ix  condi t ion implementing NR-13. This cond i t i on  appl i e s  t o  the 
Meridian Val ley Neighborhood Center, which i s  def ined as those areas 
con t r ibu t ing  f l ow t o  Soos Creek Tr ibutary  0091A, no r t h  o f  Southeast 
256th Street. P r i o r  t o  any development o r  p ro j ec t  approval i n  the 
Meridian Val 1 ey Neighborhood Center requ i r ing  drainage review per King 
County Surface Water Design Manual, a drainage plan meeting enhanced 
detent ion requirements establ ished by the SWM D i v i s i on  sha l l  be 
approved by the Bui 1 d l  ng and Land Development Di v i  s i  on. Enhanced 
detent ion f a c i l i t i e s  sha l l  be sized t o  a t  l e a s t  maintain peak f lows a t  
o r  below'\existing peak f lows f o r  the 2-, lo-, and 100-year storm 
events, based on the  King County SWM 7-day event. The enhanced 
requirements w i l l  minimize s i  te -spec i f ic ,  o r  cumulative f l ood ing  and 
drainage problems f o r  residences, businesses, and roads i n  the Mer id i  an 
Val 1 ey Neighborhood Center. The requirement w i  1 1 be reeval uated when 
rev is ions t o  the 1990 Surface Water Design Manual area adopted. P r i o r  
t o  development o f  any commercial o r  res iden t ia l  p ro jec ts  i n  t h i s  
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center, the  King County SWM Div i s ion  must determine t h a t  the  Southeast 
255th S t ree t  c u l v e r t  improvement i s  i n s t a l l e d  as the SWM D iv i s i on  
intended. The County w i l l  construct  p ro jec ts  i n  t h e  f o l l ow ing  area: 
adjacent t o  the i n t e r sec t i on  o f  Southeast 240th S t ree t  and 132nd Avenue 
Southeast; a1 ong 132nd Avenue Southeast, near Southeast 246th Street ;  
a t  Southeast 255th Street ,  west o f  144th Avenue Southeast; and a t  
Southeast 256th St reet  east o f  144th Avenue Southeast. The SWM 
D iv i s i on  sha l l  design p ro jec ts  a t  these loca t ions  t o  reduce f lood ing i n  
these areas f o r  cond i t ions up t o  the 106-year124 hour event. These 
p ro jec ts  w i l l  be scheduled f o r  completion i n  1995. 

X I  I I. Green R i  ver/Cedar R iver  Val 1 eys 

Lands over1 ooking the Green River Gorge Upper Green River  Val l e y  and 
Cedar R iver  Val ley, face a unique hazard due t o  the  i n s t a b i l i t y  and 
height  o f  the gorge and va l l ey  wal ls .  So i l  f a i l u r e s  and s l i des  along 
these wal ls ,  which are v e r t i c a l  o r  near ly  v e r t i c a l  a t  many points,  can 
r e s u l t  i n  major ea r th  movements, as the loosened mate r ia l  seeks a sta- 
b l e  "angle o f  repose", which probably w i l l  no t  be steeper than one-to- 
one (height  t o  hor izonta l  distance between slope top  and toe).  A 
one-to-one, o r  100 percent, slope i n  these circumstances may mean t ha t  
extensive land on top o f  these wa l l s  may be unstable, s ince the wa l l s  
are 200 t o  over 500 f e e t  t a l l  i n  many places. Therefore the  review 
area f o r  t h i s  hazard i s  se t  a t  660 feet ,  which i s  t he  depth o f  a t y p i -  
cal  10-acre p.arcel i n  the area, and the normal b u i l d i n g  setback 
requ i red w i l l  be 100 feet ,  twice t h a t  requ i red i n  the  SAO f o r  "steep" 
slopes, def ined as those steeper than 40 percent. 

NR-14 A l l  development w i t h i n  660 f e e t  o f  the  top o f  the  Cedar River 
Val ley and the Green River Val ley wal ls ,  p a r t i c u l a r l y  along the bluf fs  
south and west o f  the Lea H i l l  Plateau and south w i t h i n  the Lake 
Heights area, should be condit ioned t o  avoid adverse impacts on the 
environment, and r i s k s  , t o  1 i f e  and property, 

The f o l l ow ing  P-Suff ix condi t ions implement p o l i c y  NR-14: 

A l l  development w i t h i n  660 fee t  o f  the top o f  the slopes o f  the Green 
River Va l ley  and Green River Gorge, the r i dge  l i n e  south and west. o f  
the Lea Hi1 1 Plateau inc lud ing  01 son Canyon and the Cedar River Val 1 ey 
wa l l s  i nc lud ing  the r i dge  l i n e s  nor th  and east o f  Lake Heights sha l l  
meet the fo l l ow ing  requirements. See map f o r  the l o c a t i o n  o f  these 
areas. 

A. General 

The procedural requ i  rements o f  the Sens i t ive  Area Ordinance sha l l  
apply t o  a l l  permit and land use approval app l i ca t ions  w i t h i n  t h i s  
area, except f o r  a s i  ngl  e-family residence o r  accessory s t ruc tu re  
constructed by an owner o r  lessee f o r  h i s  o r  her own use. Such 
residence o r  accessory s t ruc tures sha l l  s t i l l  comply w i t h  the 
development standards o f  t h i s  sect ion. 
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B . Standards 

No discharge o f  water from any constructed drainage system 
sha l l  be allowed onto va l l ey  o r  rav ine side slopes, o r  i n t o  any 
swales whi'ch discharge onto the'se slopes. Discharge sha l l  be 
ca r r i ed  i n  a t i g h t l i n e  system which can be i n s t a l l e d  w i t h  a 
minimum o f  slope disturbance and which i s  s u f f i c i e n t l y  durable 
t o  withstand slope movements, t r e e  f a l l ,  o r  other hazards. The 
t i g h t  l i n e  sha l l  discharge t o  a non-erodable loca t ion  a t  the  
tow o f  the slope. 

2. Bu i ld ing  set-back 1 ines (BSBLs) f o r  residences sha l l  be 
100 fee t  from the top o f  slope over 15 percent i n  the d i r e c t i o n  
o f  the  Green River, Olson Creek, o r  Cedar River unless the 
appl i cant : 

a. shows tha t  t h i s  requirement precludes any reasonable use o f  
, t he  property; and 

b. provides geotechnical studies showing conclusively t h a t  the  
.normal BSBLs required by the Sens i t ive Areas Ordinance are. 
s u f f i c i e n t  . to  avoid any f u tu re  i n s t a b i l i t y  caused by a 
major lands1 4de on o r  near the  subject property. 
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SUBSTITUTE P-SUFFIX CONDITIONS 
FOR 

CLEARING AND GRADING 
IN  THE 

TAHOMA RAVEN HEIGHTS COMMUNITY PLAN AMENDMENT 

The f o l l o w i n g  t e x t  should be s u b s t i t u t e d  f o r  t h e  t e x t  i ' n  t h e  Tahoma Raven 
Heights Community Plan Amendment beginning on pages 20 and 80. 

Na tu ra l  Systems 

Environmental r e g u l a t i o n s  which c o n t r i b u t e  t o  p r o t e c t i n g  n a t u r a l  systems i n  
Soos Creek i nc lude  the  Sta te  Environmental P o l i c y  Act  (SEPA), t he  K ing  County 
S e n s i t i v e  Areas Ordinance (SAO), and t h e  K ing  County Surface Water Design 
Manual. These are regu la t i ons  which apply Countywide and may not  account f o r  
t he  unique circumstances o f  d i f f e r e n t  s i t e s  o r  dra inage basins. The P - s u f f i x  
cond i t i ons  which f o l l o w  address s p e c i f i c  s i t e  c l e a r i n g  concerns w i t h i n  t h e  
Tahoma Raven Heights p lanning area. These cond i t i ons  a re  taken from t h e  Soos 
Creek Basin Plan, which a1 so conta ins  t h e  s c i e n t i f i c  ana lys i s  and j u s t i  f i c a -  
t i o n  f o r  t he  cond i t ions .  The cond i t i ons  i n  Sect ion  A address c l e a r i n g  and 
grad ing  i n  advance o f  subd iv is ions  and b u i l d i n g  permi t  approval.  

A. C lea r ing  and Grading 

As a  general r u l e ,  the  vegeta t ion  on a  development s i t e  should be r e t a i n e d  as 
l ong  as poss ib le  t o  reduce impacts. Even a f t e r  c o n s t r u c t i o n  has begun, perma- 
nent  r e t e n t i o n  o f  as much o f  the  n a t i v e  vege ta t i on  as poss ib le  i s  important  
and c o n t r i b u t e s  t o  m i  t i g a t i n g  the  adverse impacts. Na t i ve  vegeta t ion  i s  
adapted t o  t h e  cond i t i ons  o f  t he  Northwest i n c l u d i n g  summer drought, w i n t e r  
temperatures, i n s e c t  pests, and diseases. Na t i ve  vege ta t i on  prov ides food, 
s h e l t e r ,  and breeding s i t e s  t o  which l o c a l  w i l d l i f e  has adapted. 

Temporary eros ion  c o n t r o l  and drainage f a c i l i t i e s  a re  requ i red  t o  be i n  p lace  
p r i o r  t o  any c l e a r i n g  on a  p l a t .  Once t h e  roads and u t i l i t i e s  have been con- 
s t r u c t e d  and t h e  p l a t  has received f i n a l  approval,  the  cons t ruc t i on  o f  i n d i -  
v i dua l  homesi t e s .  begins. The cumul a f i v e  sedimentat ion from the  cons t ruc t i on  
o f  a  number o f  s i n g l e  f a m i l y  homes w i thou t  e ros ion  c o n t r o l  can be s i g n i f i c a n t .  
General ly ,  i n d i v i d u a l  s i n g l e  f a m i l y  r e s i d e n t i a l  homes f a l l  below t h e  th resho ld  
f o r  dra inage and eros ion  c o n t r o l  p lans pursuant  t o  t h e  Sur'face Water Design 
Manual. As a  r e s u l t ,  eros ion and sedimentat ion c o n t r o l  are needed f o r  i n d i -  
v i  dual devel opment . 
I n  add i t i on ,  t i g h t e r  c o n t r o l s  should be p laced on t h e  c l e a r i n g  t h a t  occurs 
d u r i n g  t h e  p l a t t i n g  process. Under present  cond i t i ons ,  s i t e s  are o f t e n  com- 
p l e t e l y  c lea red  very e a r l y  i n  t he  development process, sometimes l ong  before  
t h e r e  are  any b u i l d i n g  permi ts  issued f o r  a s i t e .  Dur ing t h e  t ime between 
c l e a r i n g  and s i t e  development, s u b s t a n t i a l  e ros ion  and sedimentat ion can 
occur.  U n t i l  t he re  i s  a  need t o  remove t h e  e x i s t i n g  vegeta t ion  f o r  
cons t ruc t i on ,  t h e  f o r e s t  should remain i n  o rder  t o  p r o t e c t  sur face and ground 
water q u a l i t y ,  and t o  p rov ide  w i l d l i f e  h a b i t a t .  When cons t ruc t i on  does occur, 
t he  sur face water  management f a c i l i t i e s  should be i n s t a l l e d  f i r s t ,  i n  o rder  t o  
c o n t r o l  t he  increased sur face water f lows t h a t  w i l l  occur when the  s i t e  i s  
c leared.  
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Commercial property should not cleared until after approval o f  an individual 
site plan. -This delay will allow for integrating the existing vegetation and 
trees on site into the overall landscape design. 

The following policy reflects the recommendations o f  the Soos Creek Ba.sin Plan 
as contained in BW-3 and BW-4 regarding retention o f  vegetation. 

Clearing and grading should be limited on all short plats, plats, 
and commercial projects to protect water qual i ty, 1 imi t surface 
water runoff and erosion and maintain wild1 ife habitat and visual 
buffers. 

The fol lowing P-suffix conditions implement the above pol icy. These 
conditions shdll apply in the portions of the Soos Creek Basin covered by the 
Tahoma Raven Heights Plan. The conditions shall expire automatically upon the 
effective date of an adopted Countywide clearing ordinance. 

1. Subdivisions, Short Subdivisions, and PUDs. The following conditions 
apply only to appl ications for subdivisions, short subdivisions, and 
PUDs. Deviations from these standards may be allowed based on a special 
study prepared by a qual i fied forester with expertise in windthrow or 
tree disease. 

a. Lot clearing during road and utility construction. The building 
envelope on each buildable lot shall be identified on the engineer- 
ing plans. The following table specifies the maximum size of the 
building envelope based on actual average lot size: 

Lot Size (in sa. ft.1 Bui 1 di nu Envel o ~ e  
Greater than 15000 5000 sq. ft. 
9001-15000 35% of lot size 
5000-9000 45% of lot size 
Less than 5000 55% .of lot size 

Except as provided in subsection l.b., the clearing of building 
envelopes shall occur at the same time as .the clearing for roads and 
utilities. The clearing limits for each.building envelope shall be 
clearing marked of flagged on e,ach lot and inspected prior to any 
clearing. Erosion and sedimentation controls shall be instituted on 
the building envelopes as required by the Surface Water Design 
Manual. The vegetation remaining after initial clearing o f  the 
building envelope may be preserved or cleared as deemed appropriate 
by the permittee of the residential building. permit for that lot 
after its approval and issuance. 

b. Lot-by-lot clearing. In subdivisions, short subdivisions, and PUDs 
served by on-site septic systems, clearing on individual lots shall 
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be postponed u n t i l  the approval and issuance o f  the  i nd i v i dua l  r e s i -  
den t i a l  b u i l d i n g  permit f o r  each l o t .  No c l ea r i ng  on the i nd i v i dua l  
b u i l d i n g  l o t s  sha l l  occur dur ing the co'nstruct ion o f  roads and u t i l -  
i t i e s  except t h a t  necessary t b  accommodate cu ts  a.nd f i l l s  due t o  
topography and road design. Erosion and sedimentation controls plans 
s h a l l  be designed through. bu i ldou t  i n c l ud i ng  sediment pond s i z ing .  
A l l  b u i l d i n g  permi ts  sha l l  have erosion con t ro l  measures consistent  
w i t h  t h e ,  Surface Water Design Manual standards. 

I n  subdiv is ions,  shor t  subdivisions, and PUDs served by sewers, the  
app l i can t  may opt  t o  postpone c l ea r i ng  on i nd i v i dua l  b u i l d i n g  l o t s  u n t i l  
t he  approval .and issuance o f  the i nd i v i dua l  r e s i d e n t i a l  b u i l d i n g  permits 
f o r  each l o t .  Under t h i s  option, no c l ea r i ng  on i nd i v i dua l  bu i l d i ng  l o t s  
s h a l l  occur dur ing the  const ruk t ion o f  roads and u t i l i t i e s  except t h a t  
necessary t o  accommodate cuts and f i l l s  due t o  topography and road 
design. Erosion and sedimentation con t ro l  plans s h a l l  be designed ' 

through bu i l dou t  i nc lud ing  sedi,ment pond s iz ing;  A l l  b u i l d i n g  permits 
sha l l  have erosion cont ro l  measures . , cons is tent  w i t h  the Surface Water ' j i  

Design Manual standards. ;"1 ' 
: I 

B. Seasonal C lear ing R e s t r i c t i o n s ~  

. Int roduct iot i '  o f  f ine-grained sedinient . i n t o  stream, channels i s  a  s i g n i f i c a n t  , , 

cause o f  f i sh-hab i  t a t  and water qua1 i t y  degradation i n  the Soos Creek. Basin."!' 
This f i n e  sediment c logs stream gtavels, reduces the c l a r ' i  t y  o f  the  water, 
and ca r r i es  a  substant i  a1 propor t ion o f  the  urban contaminants i n t o  downstream 
water bodies . Based on numerous observations o f  ex i  s t i  ng development d u r i  n,g: 
the win ters  o f  1988-89 and 1989-90, ' ac t i ve  const ruc t ion and 1  and-grading s i  te,s 
are one o f  the  primary sources o f  ,observed t u r b i d i t y  problems i n  ind iv idua l  +,' . ,. 
streams throughout the Soos Creek (system. I I $ .  

The i d e n t i f i c a t i o n  o f  Ndvembek 1 through March 31 i 'n  Pol i c y  BW-4 i s  
p a r t i c u l a r l y  important  because o f  t he  amount o f  r a i n  received by the County, 
and the  ex tent  o f  f l ood ing  which h j s t o r i c a l  l y  occurs between these months. a 

1 
The f o l  lowing po l  i c y  i s  based on the BW-,4 recommendation o f  the Soos Creek 
Basin Plan. 

Wi th in  t h e  Soos creek Basin, bare ground associated w i t h  c lear ing,  
grading, u t i l  i t y  . i n s ta l l a t i on ;  ' , bu i ld ing  construct ion,  and o ther  develop- 

. ment a c t i v i t y  should be covered o r  revegetated i n  accordance with King 
County Surface Water Design Mhnual Standards between November 1 and 
March '31 o f  each year. Earth'movi,ng and land-c lear ing ' a c t i v i t y  should 
no t  occur du r ing  t h i s  per iod w i t h i n  the  Soos Creek Basin except f o r  
regu l  a r  mai ntenance f o r  publ i c f a c i  1  i t  i es, and publ i c  agency response t o  
emergencies t h a t  th reaten the', publ i c  health, safety,  and we1 fare .  ?. ' 

Landscaping of s i  ng l  e-fami l y  residences, e x i s t i n g  permi t ted connnerci a1 
. f o r e s t r y  and mining a c t i v i t i e s ,  and development s i t e s  w i t h  approved and 
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constructed drainage facil i ties that ,infiltrate 100 percent of surface 
runoff should be exempt from these restrictions. 

The foll owing P-suffix conditions implement the above pol icy. These conditions 
shall apply in the portions of the Soos Creek Basin covered by the Tahoma 
Raven Heights Plan. The conditions shall expire automatically upon the effec- 
tive date of an adopted Countywide clearing ordinance. 

1. Seasonal restrictions. Clearing and grading shall not be permitted 
between November 1 and March 31. . All bare ground must be fully covered 
or revegetated between these dates. 

2. Exemptions. The following ac-tivities are exempt from the clearing and 
. , grading seasonal restriction: 

a. Emergencies that threaten the. pub1 ic health, safety, and we1 fare. 

b. Routine maintenance of public agency facilities. 

c. Routine maintenance of existing utility structures as provided in 
the Sensitive Areas Ordinance, K.C.C. 21.54.030.0. 

d. Clearing or grading where there is 100 percent infiltration of the 
surface water runoff within the site in approved and installed 
construction-re1 ated drainage facil i ties. 

e. Clearing and grading where all state water quality standards are met 
including turbidity. The Surface Water Management Division shall 
develop administrative procedures before such. exemptions are 
a1 1 owed. 

f. Landscaping of single-family residences. 

g. Class I1 and I1 forest practices. 

h. Quarrying or mining within sites with approved permits. 

i . Clearing or grading for util i ty hook-ups on. approved residential and 
commercial building permits. 

j . Completion of any final cl eari ng/gradi ng work for construct ion 
activities which meet all applicable permit conditions and best man- 
agement practices for a period of time (not to exceed two weeks) in 
the month of November -if dry weather conditions are present. 

C. Vegetatl on Coverage 
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P r o t e c t i o n  o f  na tu ra l  vegeta t ion  coverage moderates sur face water  r u n o f f  and 
e ros ion  and p r o t e c t s  t h e  i n t e g r i t y  o f  stream channels. Removing f o r e s t  cover  
increases t h e  peak r a t e  o f  sur face r u n o f f .  Forest  cover i n t e r c e p t s  f a l l i n g  
r a i n ,  .absorbs water through r o o t s  .and c rea tes  an absorbent d u f f  l a y e r  on t h e  
f o r e s t  f l o o r .  The f o l l o w i n g  p o l  i c y  addresses r e t e n t i o n  o f  vege ta t i on  w i t h i n  
t h e  Soos Creek Basin an'd i s  based on recommendations BW-3,. AS-10, and AS-15 o f  
t h e  Soos Creek Basin Plan. 

For  new subd iv is ions  i n  t h e .  Rural  Area o f  Soos Creek Bas in  i n  t h e  
Tahoma Raven Heights Planning Area, a  minimum o f  20 percent  o f  t h e  
prope'r ty should be r e t a i n e d  as a  separate t r a c t  o f  und is tu rbed 
indigenous vegeta t ion  ,except i n  areas mapped as Regional l y  
S i g n i f i c a n t  Areas' where 35 percent  should be' r e t a l  ned. ' . 

The f o l  1  owing P-suf f  i x  cond i t i ons  imp1 ement t he '  above po l  i c y .  These 
c o n d i t i o n s  s h a l l  apply '  i n  t h e  por t : ions o f  t h e  Soos Creek Basin covered by t h e  
Tahoma Raven Heights Plan. The c o n d i t i o n s  s h a l l  e x p i r e  a u t o m a t i c a l l y  upon t!e 
e f f e c t i v e  da te  o f  .an. adopted Countywide c l e a r i n g '  ordinance. .., 

,? ; ' 

1. Sep,arate t r a c t s .  I n  t h e  r u r a l  zones 1 i s t e d  below, 20 percent  o f  each . 
subd iv i s ion  o r  sho r t  s u b d i v i s i o n  s h a l l  be p laced i n  a  separate t r a c t  t d "  
reduce sur face water r u n o f f ,  e x t e p t  i n  areas i d e n t i f i e d  as Reg iona l ly  . 

S i g n i f i c a n t  Areas where 35 percent  s h a l l  be p laced i n  t h e  separate t ractc:  
, , 

A-R 2.5 
A-R 5  
A-R 10 ' > 

2. Areas t o  be included. , I n  meeting t h e  percent  requirement, t h e  a p p l i c a n t  
may i nc lude  a l l  acreage ' se t  as ide i n  s e n s i t i v e  areas t r a c t s  except f o r  
wet lands and streams. B u f f e r s  f o r  these. s e n s i t i v e  areas may be inc luded.  

When a d d i t i o n a l  acreage beyond t h a t  occupied by the  above fea tu res  i s  , .\ 

necessary t o  meet the. percent  requirement,  t h i s  1  and s h a l l  be i nc luded  i!n" 
t h e  separate t r a c t  b u t  t he  appil i c a n t  s h a l l  r ece i ve  f u l l  d e n s i t y  c r e d i t  ,.. 
f o r  t h i s  land.. The a p p l i c a n t  may reduce l o t  s i zes  below t h e  minimum 
requ i red  f o r  t ha t ' zone  t o  accommodate t h e  t r a n s f e r  o f  d e n s i t y  b u t  they  
s h a l l  n o t  change t h e  r e d d e n t i a l  uses pe rm i t t ed  i n  t h e  zone. Dens i ty  , 

t r a n s f e r s  w i t h i n  t h e  A-R c l a s s i f i c a t i o n  s h a l l  . 'be sub jec t  t o  t h e  c l u s t e r -  < A  . 
i n g  p rov i s ions  i n  t h e  A-R zone. 

The separate t r a c t  s h a l l  r e t a i n  vegeta t ion  i n  l a r g e  cont iguous areas 
r a t h e r  than is01 ated patches, : s t r i p s ,  o r  i n d i v i d u a l  t rees .  Fores t  o r  
t r e e s  .are t h e  pre fer red  vege ta t i on  t y p e  . t o  be inc luded i n  t h e  t r a c t  ,. . . 
shrubs are  the  ,second preference, and grasslands o r  pastures a re  l e a s t  ,L 

pre fe rab le .  . .  . 
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T/RH P-suf f ix  cond i t i ons  

1 .  Clear ing  andGrad ing  

2. Seasonal C1,earing 
R e s t r i c t i o n s  

Area of  Appl i c a t i o n  

Basinwide a1 1 u rban l ru ra l  
zones AR, GR-5, GR-5 
(po t en t i  a1 SC) , GR-5 
( p o t e n t i a l  SE) , GR-6-P, 6-5, 
RS 7200, SR 7200, SR 7200 
( p o t e n t i a l  RM 2400, RS 15000, 
SR 9600, BC, B-C-P, B-N-P, RM-900P, 
ML,  MP, and RMHP) 

Basi nwide a1 1 u rban l ru ra l  
zones 

3. Rural Vegetat ion Coverage A1 1 des igna ted  r u r a l  
r e s i d e n t i a l  a r e a s  i nc lud ing  
AR-5-P and G-5 zoned p rope r ty  

All p r o p e r t i e s  i n  T/RH Study a r e a  (basinwide)  g e t  1 and 2 r u r a l  and 
urban. 

All p r o p e r t i e s  i n  s tudy  a r e a  g e t  3 r u r a l .  





SPECIAL DRAINAGE REQUIREMENTS 
OF THE 

EAST LAKE SAAlMAMISH BASIN 

BACKGROUND 

Herein are summarized the special drainage requirements of the East Lake Sbnunamish Basin Plan, 
adopted by the King County Council on November 8, 1993, and the Exst Sammamish Comknity 
P b ,  adopted by the King Council on May 25, 1993. The Basin Plan was written and adopted as a 
statement of King County policy; its requirements are administered through "Special Requirement #4" 
of the King County S u ~ m e  Water Design Manual (1990). The Community Plan was a policy 
statement but the adopted document also includes zoning changes that impose these drainage 
requirements through "P-suffix" conditions. Most of the special drainage requirements appear in both 
plans. 

The following summarizes the special drainage requirements for use by permit applicants and 
reviewers. The background information on surface-water conditions in the East Lake Sammamish 
Basin, justification for the adopted requirements, and the public-fhnded programmatic programs and 
capital projects also recommended in the Basin Phn are omitted here but can be found in the Final 
EastLuke Sammamish Basin Plan (December 1994). 

Table 1 lists all of the special drainage requirements adopted as part of the East Lake Sammamish 
Basin Plan. Maps 1, 2, and 3, included in Attachment A, outline the parcels and areas where the 
geographic-specific requirements apply. Attachment B maps the detention standard in the basin. 
Attachment C maps the Wetland Management Areas. In addition to the area-specific requirements 
shown on the maps, two special requirements apply basin-wide (unless superseded by other area- 
specific requirements): BW-l, the Basinwide Onsite Detention Standard, and BW-26, Seasonal. 
Clearing and Gradma. 

All applicable drainage requirements of the King County Suvace Water Design M m a l  apply in full to: 
any development project in this basin, unless specifically superseded by the requirements here. , 



Table 1 
INDEX OF SPECIAL DRAINAGE REQUIREMENTS 

' Amendments 58 and 59 of the adopted East Sammamish Community Plan 
'~eaver Lake Management Plan I 



DRAINAGE REQUIREMENTS FOR NEW DEVELOPMENTS 

1. Basinwide Requirements 

Except where superseded by alternative requirements specified for particular areas in section 2., the 
following two recommendations apply to aU property in the East Lake Sammamish Basin. 

BW-1 Basinwide Onsite Detention Standard 

To control downstream and downslope impacts of new development, including public 
and private streets and highways, onsite retentionldetention (RD) hilities in the East , . 

Lake Samrnarnish Basin shall be designed to control the post-development 2- and 10- 
year flows to corresponding pre-development levels. The calculated storage volume 
shall be i n c r , d  by a safety factor of 30 percent. 

Either of two alternative techniques may be used. The first is a calibrated continuous 
flow hydrologic simulation model. The Hydrologic Simulation Program--Fortran 
(HSPF) model used for the analysis in this basin plan is an example of this type of 
model. 

The second alternative uses a modied King County Swjiace Water Design Mamral 
(Design Manual) method., A modified seven-day raWall distribution based on actual 
storms in the Puget Sound Lowlands replaces the Soil Conservation Service (SCS), 
Type I-a 24-hour rainfall distribution. Additionally, hydrographs for pervious and 
impervious surfaces are determined separately and then added together to obtain 
the total hydrograph for pervious and impervious segments. The total travel time 
and the time of concentration for pervious land segments are based on the sum of 
interflow, shallow concentrated flow, and open channel flow travel times. Specitic 
guidance for this method can be found in the technical reference section of this Design 
Manual. 

BW-26 Seasonal Clearing and Grading Limits 

The following recommendation shall be implemented in the East Lake ~ammamish 
Basin: . 

During the period fiom October 1st to March 31st, bare ground associated 
with clearing, grading, utility installation, building construction, and other 
development activity shall be covered or revegetated in accordance with the. 
King County Sugace Water Design Manual. This limitation may be waived 
outside of designated Wetland Management Areas, however, if the property 
owner implements erosion control measures that meet the following 
conditions: 

1. No sigtllficant silt-laden runoff leaves the construction site; and 



2. The erosion and sediment control mehsures shown on' an approved plan, or 
alternate best managemei~t practices as approved or required by the inspector 
or the Department of Development and Environmental Setvices (DDES), are 
W e d  and maintained throughout the course of construction. 

Activities exempt &om these requirements include routine maintenance of public 
W t i e s  (iiuding roads); public agency response to emergencies that threaten public 
health, safety, and welfare; typical landscaping of singlefkdy residences; Class I and 
II forest practices; quarrying and mining within sites with approved permits; clearing 
and grading where there is 100 percent in6ltration of imrfhm water runoff within the 
site in approved and installed 'constpction-related drainage Wties ;  and routine 
maintenance of utility structures qs provided in K.C.C. 2 1 S4.030.D. 

2. AreaSpeciflc Requireynts 
r 

BW-2 Stream Protection Onsite Detention Standard I 

5: 

In subcatchments where higher fiture flows are expected to have si@cant adverse 
impacts on stream stability and Witat, onsite WD facilities shall be designed to reduce 
post-development flow durations to their predeveloped levels for all flows greater than 
50 percent of the 2-year event and less than the 50-year event. Additionally, the 100- 
year post-development peak flow shall be reduced to pm-development levels. m e : :  
the boumbies of these areas correspond to the qpropnate himainage divi&s of the 
indicated subcatchments.) 

It is' recommended that a 'calibrated continuous flow simulatio~i model, such & HSFT, 
be used for this analysis. Ifa continuous model cannot be used, the method of the 1990 
King County  surface Water Deggn Mamral p y  be used with the . 24-hour . design 
event with the' following release requirements: 

Post-Development 
Storm Event 

PreDevelopment 
Flow Release T W Q ~  

onehalfthe predeveloped 2-year . , 

1 0-year predeveloped 2-year 

The areas to which this standard apply are mapped in Attachment A for the East Lake 
Sammamish.Basin and Attachrirent B for areas in the &g portions of the East 
Sarnmarnish Community Planning Area. 



BW-3 Ravine Protection Standard 

A. Requirements. The following requirements apply to the Panhandle subbasin, the 
Monohon subbasin, and any other areas tributary.to a steep valley along the west slope 
of the East Lake Sarnmarnish Basin that does not (or did not, in its predevelopment 
state) maintain a continuous surfh-water channel Erom the base of the west slope to 
the flat surface of the plateau @ass for the mqped boundaries me &scribed in 
section A.2 belau). In these areas, new development shall be held to the following 
standards: 

N&k 1. A no-disturbance area shall be established on the western slope of the subbasin, to 
DTSTURc prevent damage fiom erosion in this extremely sensitive area. Land clearing or 
&QNCE development shall not occur in this no-disturbance zone, except that necessary clearing 
AREAS for; and construction ofj singlefamily residences on preexisting building lots. Any 

clearing that does occur, as a result of single-family residential construction on pre- 
existing lots, shall be limited to the minimal area and duration of exposure necesmy for 
construction. 

2. The upslope boundary of this no-disturbance area lies at the first, obvious break in 
slope at the western edge of the upland plateau. The downslope boundary of this zone 
includes those areas designated as Erosion or Landslide Hazard Areas pursuant to the 
Sensitive Areas Ordinance. The Sensitive Areas Folio indicates the general location of 
these hazard areas but it m o t  be used to spec@ the areas' precise boundaries. 
Single-famiy or multi-family residential density fiom the no-disturbance area may be 
filly reallocated onto the buildable portion of the site, in accord with K.C.C.2 1 S4.080, 
or possibly transferred to other sites pursuant to a transfer of density credits program. 

3. The drainage requirements listed in paragraphs A4-A9 below may be waived only 
UPLAND for development proposals that meet any of the following criteria. These criteria 
AREAS substitute for the thresholds listed in section 1.1.1 of the 1990 Sugace Water Design 

M m a l :  

a. Proposals that construct less than 2,000 square feet of impervious surface area. 
The applicable impervious area shall exclude .the area of driveways for single 
family residential building permits and short plats. 

b. Proposals of any size that achieve 100 percent infiltration, evapotranspiration, 
andlor consumption of suhce runoff fiom impervious and disturbed surfkes. 

4. AU runoff fiom newly constructed impervious surfaces must be retained on-site to 
the maximum extent feasible, as determined by DDES, consistent with underlying 
zoning3 . 

3 The feasibility of on-site retention is determined by allowable infiltration as specified in Section 4.5 of the Design 
Manual. 



5. Runoff fiom all development proposals that involve the parcels identitled in 
Attachment A, except simgle-family building permits and those that achieve 1W/o on- 
site retention, must be conveyed down the western slope of th'e basin via continuous 
pipeline(s). Connection into one of these pipelines by subsequent downslope 

PIPE development projects is required, if determined feasible by DDES. @ SF34 
LINES Division isprepming a recommen&tion for action by the Metropolitan King County 

Council that this requirement be altered or h p p e d  on all pipeline wear south of 
Main Street. Until action is taken, however, this requirement remains in eflect.] 

6. Before discharging into a natural stream or waterbody, moff  must receive water- 
quality treatment according to Core and Special Requirements in the King County 
Surjbce Water Design Mamral, in order to meet 'the goals of the Lake Sammamish 

. Water Quality Management Projkt which seek t0.maintai.n current phosphorus loading 
levels and to maintain groundwater recharge. Pretreatment of the Water-Quality 
Design Storm is required; it must be achieved by infiltration or other methods of on-site, 
retention, if feasible 'and if permitted by drainage regulations. If on-site retention is not 
possible, alternative requirements include biofiltration (Core Requirement #3) and. 
wetponds (for those projects meeting the threshold of Special Requirement #5) as! 
specified by the Design Marmal. 

7. The discharge of the pipeline must be non-erosive, either into Lake Sammamish; 
directly or to an engineered chyme1 that is demonstrably stable fiom the point of 
discharge to the lakeshore. All outfalls must comply with existing Shoreline and, 
wetland regulations; they niust be designed andlor located to avoid disruption oc 
shoreline.spawning areas. . , . . 

8. Pipeline installation shall be  above ground wherever fkdble and must be above 
ground over all designated Erosion or Landslide Hazard Areas pursuant to King 
County's Sensitive Areas O r d i c e .  Pipeline routes down the west slope of'the bash 
shall avoid ravine valleys as much as possible. 

I 

9; Development projects in the Ravine Protection Area that cannot achieve 100% on-: 
site' stormwater retention a d a r e  not required to construct a new pipeline or connect to 
an kxisting one (under AS. above) shall provide on-site detention to the level of the 
Stream-Protection Standard (BW-2). , ' b 

. . 
B. Relationship to Other Drainage Codes and Standards. The Ravine Protection) 

Standard is intended to supplement existing County drainage requirements and to workE- 
in consort with other recommendations of the East Lake Sammamish Basin Plan. In 
particular: 

1. Peak rate runoff control (Core Requirement #3 of the Design MarmaI) isj 
unnecessary.for piped discharges, unless the discharge point is not Lake S d s h ,  a 
designated 'receiving water." AU facilities must convey the 100-year 24-hour design 
storm. 



2. All required treatment (including those in Core Requirement #3 and Special 
Requirements #5 and #6 of the Design MmaI)  must occur prior to final discharge. 

3. Discharge of runoff at the natural location (Core Requirement #1 of the Design 
MmaI)  can be waived without need for a SWM variance for pipelines constructed in 
order to satis@ this recommendation. 

4. The threshold for imposition of these drainage controls is lowered fiom those of the 
Design Manual to include all projects with 2000 square feet or more of impervious 
surf8ce (excluding the area of driveways for singlefamily residential building permits 
and short plats). 

5. Baseflow Maintenance (recommendations PH-2 and MH-2 of the Basin Plan) 
requires evaluation of infiltrative ~ i l s  andlor clearing restrictions in many of the same 
areas covered by the Ravine Prot&on Standard. 

Baseflow Maintenance 

New development in the mapped areas shall be required to evaluate the sui'tabiity of 
onsite soils for infiltration. @Vote: the b o u r n e s  of these areas correspond to the 
dainage &ides of the Pmthrmdle and Monohon subbasins.} All runoff fiom newly 
constructed impervious surfaces must be retained on-site to the maximum extent 
feasible, consistent with underlying zoning. Subdivisions and short subdivisions shall 
maintain undisturbed vegetation set aside in a Native Growth Protection Easement on 
at least 25 percent of the non-infiltrative area, defined as soils not among the eight 
infiltrative soils listed in Section 1.2.3 of the Design Manual. For the non-infiltrative 
area of all development applications, no more than 35 percent shall be covered by 
impervious surfbes, exclusive of stormwater facilities. For new subdivisions and shoit 
subdivisions, the maximum lot coverage allowed by this requirement shall be specified 
for subsequent residential building perniits on individual lots. 

pH-3 Reduced Onsite Detention 
MH-3 

Direct discharge of runoff into Lake Sarnmarnish, via tightline or stable open channel, ' 
is an acceptable alternative to the recommended R/D standard for new development 

. (the basinwide, BW-1; or stream protection, BW-2), if the discharge can be 
accomplished after appropriate biofiltration and other waterquality treatment. 



BW-5 Wetland Mana~ement Areq Protection (Sienificant Resource Areas) 

Beyond the limits of Sensitive Areas Ordinance bufferzl, certain dopes and corridors 
adjacent to number-1-rated wetlands, and certain areas tributary to those wetlands, 
shall be maintained at low densities, have limited impervious area coverage, or a 
combination of these and other deveopmeht conditions. The specific requirements are 
listed in this section, by subbasin, for each Wetland Management Area. The wetland 
management areas are mappedin Attachment A 

Headwater Wetland Protection - Wetland & 

Wetland Management Area protection (see BW-5) shall be provided for Wetland 9, 
with standards recommended for thefollowing threemanagement arm. 1.. 

Area A* Eastern Tributary Area' (irll area tributary to wetland upstream of 0144) 8 . .  -2 - 
f 

1. Cluster new development on no more than 50 percent of the total lot 'area to 
maximize available buff6 and to limit disturb~ce to the ground surf'ace. ,:: 

' >  7 

2. . For subdivisions and short subdivisions of SC-zoned propertie {equivalent to) 
': R-1 zoning qPer 1/95}, hpervious surfaoecoverage, including buildings and: 

roadwayddriveways, sho$d be limited to a maximum of eight percent of the 
total area being subdivided, includig common open space. 
Retentionldetention facilities and, off-site roads are excluded from this 
limitation. This condition should be waived only where unusual site access 

. conditions make achievement infeasible, as determined by DDES. . ,  , 
, . . . 

3. . Retain at least 50 percent of new development sites in existing vegetativ; 
cover, preferably forest, afld retain in a separate tract. 

4. Using methods specifikd in the King County Swjime Water Design Mwnral,, 
Mtrate all stormwater runoff up to and including the 25-year event. 

b. Area B; Southeast Slopes {slopes 2 I5 percent within Area A} I 

This area is contained within Area A Therefore, with the exception of Requirement A- 
4, all requirements for Area A apply. In addition, limit clearing and grading work to the 
period from May 1st through September 30th of each year. Also, the impervious-area': 
restriction in a.2. above shall apply to the affected parts of the RS-7200-zoned parcels; 
{equivalent to R-6 or R-8 zoning after 1/95} in this area. 

I 

c. -- Area C. Western Tributary Area { m a  t r i b u ~ y  to Wetland 9, 0144, or outlet to! 
Wetland 59 upstream ~ 2 2 8 t h  ~ & n u e  

Usiing methods specified in the King County Surface Water Design Mwnral, Mtrate 
all stormwater runoff up to and)includig the 25-year event. 



T-2 Headwater Wetland Protection - Wetland 61 

Wetland Management Area protection (BW-5) shall be provided for the Wetland 61 
system, with standards recommended for three areas tributary to the wetland. 

a. Area A: Tributary Area {wea tributary to wetland) 

Provide stream protection detention standard (BW-2) for all new development in this 
area. 

b. Area B; Adjacent Slope Areas {slopes 2 dpercent adjacent to wetland as indicated on 
?"'?PI 

1. On the moderate slopes to the southeast and northeast of the wetland, cluster 
new development on no more than 50 percent of the total lot area farthest fiom 
the wetland to maximize available buffers and to limit disturbance of the land 
surface. 

2. Limit clearing and grading activity to the fivemonth period fiom May 1st to 
September 30th of each year. 

c. Area C: West Corridor 

Cluster new development away fiom the axis of the comdor that follows tributary 
0149 westward fiom Wetland 61. 

PL-2 Headwater Wetland Protection - Wetland 30 

Wetland 30 shall be provided with Wetland Management Area protection (BW-5). The 
following four management areas are outlined for this purpose. 

a. PA Area A- Southern Tributary Sub-Arm {wea tributary to south wetland edge west of 
212th Aveme SE) 

1. 'For subdivisions and short subdivisions of SC-zoned properties {equivalent to 
R-1 zoning affer 1/95), impervious surface coverage, including buildings and 
roadways/driveways, should be limited to a maximum of eight percent of the 
total area being subdivided, includig common open space. 
Retentionldetention facilities and off-site roads are excluded fiom this 
limitation. This condition should be waived only where unusual site access 
conditions make achievement infeasible, as determined by DDES. 

2. Apply the stream protection detention standard (BW-2) for all new 
development in the sub-ha. 



3. Limit clearing and grading activity to the five-month period fiom (and 
including) May 1st though September 30th. 

b. Area B: Southern Wetland Area {currently grazedpurt of W e t M  3O.proper) 

Along the boundq of the wetland in this area, erect a fence to d u d e  grazing activity 
and replant the area with appropdate wetland species. ' . . 

c. Area C; North Swale {mcis of valley extending northwest through Wetland 29 to SE 
24th Street) 

1. Cluster new development on no more than 50 percent of the iot area to 
msdmize bders around wetland 29 and 30 and away from the, axis of the, 
male that connects them. 

a,? 

2. For subdivisions and short subdivisions of SC-zoned properties {equivalent to 
R-1 zoning afier 1/95], impervious surfhce coverage, including build'igs and 
roadwayddriveways, shopld be limited to a maximum of eight percent of the 
total area behg subdivided, including conkon open space. 
Retentionldetention fhlities and off-site roads. are excluded from thisi 
limitation. .This condition should be waived only.where unusual site access 
conditions make achievetdent infeasible, as determined by DDES. 

3. Retain at least 50 percent of the land cover in forest or existing vegetation for 
all new development. 

4. Provide stream protection detention standard (BW-2) for all new development; 
in the sub-area. . , 

MH-5 Headwater Wetland Protection - Wetland 58 
' i 

Wetland 58 shall be provided with Wetland Management Area protection (BW-5). The, 
following two management areas are outlined for this purpose. 

3; 
a. Area A; Tributv Area {mea tributmy to wetland], 

, , 

Apply the stream' protection detention standard (BW-2) for all  new 
developments in this area. 

b. PA Area B. Eastern - Swde {wlley mris extendng east through Wetlrmds 32 and 33) 

I. Cluster new development on no more than 50 percent of the total lot area to 
maximize buffers around Wetlands 58, 32, 33, and the axis of the male that, 

. . connects them, in order to maximke the buffers that protect these wetlands. 



2. Apply the stream protection detention standard (BW-2) for all new 
developments in this area. 

LJ-3 Headwater Wetland Protection - Wetlands 10.21.26.34. and 39 

The protection measures listed below shall be applied to the following wetlands: 

Wetland 10 Saddle Swamn 

Wetland 10 shall be provided with Wetland Management Area protection (BW-5). 
Specific management strategies for the three management areas are as follows. 

a. -- Area A* Tributary area {wea tributary to wetlrmd] 

1. For subdivisions and shod subdivisions, &~~ervious surface coverage, including 
buildings and roadways/driveways, should be limited to a maximum of eight 
percent of the total area being subdivided, including common open space. 
Retentionldetention facilities and off-site roads are excluded fiom this limitation. 
This condition should be waived only where unusual site access conditions make 
achievement infeasible, as determined by DDES. . 

2. Limit clearing and grading activity in the tributary area to the fivemonth period 
fiom (and including) May 1st through September 30th. 

b. Area B; East Corridor 

In order to maintain corridor connections between Wetland 10 and Wetland 21 to the 
east, cluster new development away fiom the designated map area (see "d" for Wetland 
21, below). 

c. Area C; Wetland Buffer 

Beyond the SAO-mandated 100 foot buffer surrounding Wetland 10, maintain a low- 
impact zone of 200 feet: 

1. W~thin this zone, retain at least 50 percent of new development sites in existing 
vegetative cover, preferably forest, and retain in a separate tract. 

2. Cluster structures and impervious areas on those portions of the lots fhrthest fiom 
the wetland and its buffer. 

Wetland 21 

Wetland Management Area wetland protection (BW-5) is required in the following four 
management areas: 



a. Area A: . Tributary Area {wea tributary to wetland? 

1. For subdivisions and shoe subdivisions of AR-5 and SC-zoned properties 
{equivalent to RA-5 and R-i 'zoning aj?er i/ss), impervious surfhce coverage, 
including buildigs and roadwayddriveways, should be limited to a maximum of 
eight percent of the total area being subdivided, including common ,open space. 
Retentioddetention W t i e s  and off-site roads are excluded fiom this limitation. 
This condition should be waived only where unusual site access conditions make 
achievement infmible, as determined by DDES. 

2. Retain at least 50 percent of new development sites in existing vegetative cover, 
preferably forest, and retain in a separate tract. 

3. Apply the strew protection detention standard (BW-2) for all new development 
within the tributary area. 

4. Limit clearing and grading Mvity in the tributary area to the five-month period, 
&om (and including) May 1st through September 30th. 

b. ~ a B : , ~ S w d ~ { m i s o f ~ l e y a r r ~ p d )  '' 

In addition to the'requirements for Area A, new development in the male area shall be: 
clustered away tiom the axis of the swale to preserve the hydrologic function. 

c. Area C; Northwest Swde {awis of valley arr qpd) , 

In addition to the requirements for Area A, new development in the swale area shall be 
clustered away &om the axis of the male to preserve the hydrologic function. 

. , 

d. AreaD; West ~ o m d o r  

In order to maintain comdor co'nnections between Wetland 10 and Wetland 21, cluster 
new development away from the axis of the corridor (see "b" for Wetlaqd 10, above). 

Wetland 26 

Wetland Managenrent hea protection (BW-5) is .provided this wetland. l'hese' 
rec0,kmendations are specified for five management areas; The three distinct sub-myas 
together encompass almost the entire tributary area of the wetland: 

a,. Area kt Northeast Tributq Sub-Arq (hoea tributary to wetlmtd lying north of SE, 
24th Street and east of236th Avenue SE] 



1. For subdivisions and short subdivisions of SC-mned properties {equivalent to R-1 
zoning Mer 1/95), impervious surface coverage, including buildings and 
roadways/driveways, should be limited to a maximum of eight percent of the total 
area being subdivided, including common open space. Retentionldetention 
f d t i e s  and off-site roads are excluded fiom this limitation. This condition should 
be waived only where unusual site access conditions make achievement inf'ible, 
as determined by DDES. 

2. Retain at least 50 percent of new development sites in existing vegetative cover, 
J 

preferably forest, and retain in a separate tract. 

3. Apply the stream protection detention standard (BW-2) for all new development 
within the sub-area. 

4. Limit clearing and grading activity in the sub-area to the fivemonth period fiom 
May 1st through September 30th. 

b. Area B; Southwest Tributary Sub-area {mea tributary to western lobe of wetlmd 
lying south of SE 24th Street) 

\, 

1. Retaintat least 50 percent of new development sites in existing vegetative cover, 
preferably forest, and retain in a separate tract. 

2. Apply the stream protection detention standard (BW-2) for all new development 
within the sub-area. 

3. L i t  clearing and grading activity in the sub-area to the five-month period from 
May 1st through September 30th. 

c. Area C; Northwest Tributary Sub-area {mea tributary to wetland lying north of SE 
24th Street and not includkd in Area A, above) 

Limit clearing and grading activity in the sub-area to the fivemonth period fiom May 
1st through September 30th. 

d. Area D: North Corridor {centered on tributary 0144 to edge of Wetland 18) 

In order to maintain corridor connections to the north of Wetland 26, cluster new 
development away fiom the axis of the corridor. 

e. Area E; South Corridor {centered on tributary 0166 south to Wetland 39) 

In order to maintain corridor connections to the south of Wetland 26, cluster new 
development away. fiom the axis of the conidor (see "a. 1" for Wetland 39, below). 



Much development already surrounds this wetland and precludes various measures applied 
to other systems. Nevertheless, WWetland Management Area protection shall be applied to 
the follobhg three management areas of this wetland:' 

a. Area A: East Tributary Arm {area tributa~y to eastern boumkq~ of wetland} 

Given the existing zoning for this sub-area, firture development shall adhere to the' 
following requirements: 

1. Total effective impervious surhce coverage in the subarea should be minimized; 
roadway widths shall be as v o w  as allowed by the King County Road Engineer.. . 

2. Retain as much forest or other existing cover as possible. 

3. Apply the stream protection detention standard (BW-2) for all new development 
, within the sub-area. 

b. Area B: North and South Buffers 

Maintain the currently preserved buffer strips north and south of the wetland in 
'Parklopen Space" zoning. 

. . 

c. Area C; Eastern Swale (Lalley @ of wetland east to 256th Avenue 5EJ 
I ' 

This swale is wholly contained within Area A In addition to the recommendations for 
Area A, the following standards shall apply in this area: 

1. Cluster new development in the swale area away fiom the axis of the swale to 
presewe the hydrologic fbnction. 

, 2. Limit ,clearing and grading'activity in the swale to the fivemonth period fiom May 
1st through September 30th. 

Wetland 39' Il.uchine Jacob's Lake) . 

. . .  

Wetland Management Area protdction (BW-5) is required for this wetland in two 
management areas. Standards for this wetland are as follows: 

a. . Ara'~: Northern Corridor {centered on tribu&ry 0166 north to Wetlmd 26) 
I 

1. . In order to maintain conidor connections to the north of Wetland 39, cluster new 
development away fiom the ds of the corridor (eee "eW.for Wetland 26, above). . 

.. 2 



2. On the slopes (kith inclination 2 15 percent) to the west of the comdor, limit 
clearing and grading activity to the fivemonth period from May 1st through 
September 30th. 

b. Area B; Southern Corridor {centered on tribukvy 0166 to confluence with 0167) 

In order to maintain comdor connections to the south of Wetland 39, cluster new 
development away from the axis of the corridor. 

.LJ-4 Protection of Laughing Jacobs Lake Floodnlaiq 

A floodplain analysis of Laughing Jacobs Lake .md tributary 0166 between the lake and SE 
42nd Street is required for any development proposed within 10 vertical feet of the ordinary 
high water mark measured at the l a b  cross-section nearest to the development. The 
floodplain analysis should include the determination of a "Zero-rise floodway" for h e  
conditions as defined by the King County Sensitive Areas Ordinance. 

LJ-6 Ravine-Tog Clearing and Drainape Standards {mear tributary to Laughing Jaobs 
Creek via slopes h l5percent between RM 0.5 andRM 1.0) 

To reduce hillslope erosion and slope failures, runoff fiom new development or clearing on- 
ravinetop lands that discharge into Laughing Jacobs Creek between RM 0.5 and 1.00 of 
that creek should be detained according to the standard (BW-1 or BW-2) that is 
recommended for the area and tightlined to the base of the ravine before it is discharged 
with adequate energy dissipation to the stream. 

m-ss 
~ ~ 1 5 9 ~  Pine Lake Phos~horus Control 

1. Clearing and grading shall be limited to the fivemonth period fiom and including May 1 
through September 30, except for .those activities exempted under Chapter IV of the Emt 
Sammamish Community Plan. Deviations from these standards may be allowed as 
provided for in that same chapter. 

2. SWM shall require all known, available, and reasonable methods of prevention, control, 
and treatment for phosphorus control for all new development in the area draining to Pine, 
Lake. Unless it can be demonstrated that a method or combination of methods is effective 
to prevent, control, and treat phosphorus, and is more feasible, the following shall be 
required untii the Drainage M&Z is revised to deal with phosphorus loading to small, 
lakes, at which time the Drainage M m a l  requirements shall apply. If soils are suitable, 
SWM shall require infiltration to and including the 25-year event, for all new development. 
If soils are not suitable for infiltration, a grass-lined swale or constructed wetland shall be 
provided together with sand filtration. 

Amendments 58 and 59 of the adopted East Sarnmamish Community Plan 



BL- Beaver Lake Phos~horus Control (this requirement is currently inactive) 

Total phosphorus increases above background levels should be reduced by 80 percent 
through stomw& treatment and applied to d future development. All known and 
reasonable treatment for phosphorus control should be employed is the standard to achieve 
this goal. 

@We: l%e Metropolitan King County Council adopted an ordinance on Octob3,1994, 
authorizing the SHace Water Management Division to adopt the Bemr  Luke 
Management Plan as an adhrinisfrative rule. , Ihe Bemr Luke Mmgement PIan contains 
the following recommendztion for phosphorus remowl (recommenciirtion BL4): 

An 80 percent rehction of total p h q h o s  ( a h  b a c R g r d  l m k )  shouId &, 
estrrblished as a stormwater trecfhnent @for all firture dkvelopment. AKART or 
"all known, m'lable, and reabnable m e M  of prevention, control, and treatment" 

for phqhorus control should be employed as the stanabd to achieve this god 

nto anticiipated adoption of this adhrinistrative rile is J m  1995;) , 

. . . i  

~eaver Lake Management Plan 



A'ITACHMENT A 

DEVELOPMENT CONDITIONS - EAST LAKE SAMMAMISH BASIN 
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ATTACHMENT B 

DETENTION STANDARDS - EAST SAMMAMISH COMMUNITY PLANNING 
AREA 





ATTACHMENT C 

WETLAND MANAGEMENT AREAS - 
EAST LAKE SAMMAMXSH BASIN PLAN 





K I N G  C O U N T Y ,  W A S H I N G T O N ,  S U R F A C E  W A T E R  D E S I G N  M A N U A L  

KING COUNTY, WASHINGTON 
SURFACE WATER DESIGN MANUAL 

REFERENCE m . 2  
BASIN RECONNAISSANCE 
PROGRAM SUMMARY REPORTS 



K I N G  C O U N T Y ,  W A S H I N G T O N ,  S U R F A C E  W A T E R  D E S I G N  M A N U A L  

BASIN RECONNAISSANCE PROGRAM 
SUMMARY REPORTS 
Reconnaissance studies have been completed for the following watersheds and are contained 
in the Basin Reconnaissance Program Summary volumes as noted: 

Volume 1 Basins 

Middle Puget Sound 
Thornton Creek 
Lake Washington 
Sammamish River 
Little Bear Creek 
Big Bear Creek 
Forbes Creek 
Evans Creek 

Volumes 2 Basins 

West Lake Sammamlsh 
East lake Sammamish 
Tlbb'etts Creek 
North Fork lssaquah Creek 
East Fork lssaquah Creek 
lssaquah Creek 
Lower Cedar River 
Soos Creek 
Jenkins Creek 
Covington Creek 
Middle Green River 

Lower Puget Sound 
Duwamish River 
Salmon Creek 
Miller Creek 
Des Moines Creek 
Lower Green River 
Black River 
Hylebos Creek 
Mill Creek 
White River 



KING COUNTY,  W.ASHINGTON, SURFACE WATER DESIGN M A N U A L  

KING COUNTY, WASHINGTON 
SURFACE WATER DESIGN MANUAL 

REFERENCE 3 
CRITICAL DRAINAGE AREAS - 
REQUIREMENTS 
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King County 
Public Rules and Regubtions 

Publc Rules 

-- -- 

l~ l le  uocumenl Looe NO 

1 
West Cedar R i v e r  V a l l e y  Ridge C r i t i c a l  Dra inage Area D e s i g n a t i o n  KCPR 09.04.050.2 

- -. - . 
I Efleclave Ca~e 

D73in~d'jltliri'ii'hege$f P u b l i c  ~ o r k s f S u r f a c e  Water Management D i v i s i o n  ! May 2 4 ,  1989 

1.0 SUBJECT TITLE: West Cedar R i v e r  V a l l e y  Ridge C r i t i c a l  Dra inage  Area Des igna t ion  

1.1 EFFECTIVE DATE: The proposed d a t e  f o r  f i l i n g  w i t h  t h e  C l e r k  o f  t h e  County 
Counc i l  i s  A p r i l  24, 1989. 

1.2 TYPE OF ACTION: T h i s  i s  a  new P u b l i c  Rule. 

1.3 K E Y  WORDS: ( 1 )  C r i t i c a l  Dra inage Area Des igna t i on ;  ( 2 )  Dra t  nage Problem; 
( 3 )  West Cedar R i v e r  V a l l e y  Ridge'; ( 4 )  Cedar R i v e r ;  ( 5 )  Development 
R e s t r i c t i o n  

2.0 .PURPOSE: To des igna te  t h e  West Cedar R i v e r  V a l l e y  Ridge C r i t i c a l  Dra inage Area 
and t o  e s t a b l i s h  a  s tandard  procedure f o r  r ev i ew ing  a p p l i c a t i o n s  f o r  development 
w i t h i n  t h i s  C r i t i c a l  Dra inage Area i n  o r d e r  t o  p rese rve  t h e  h e a l t h ,  s a f e t y ,  and 

.$ w e l f a r e  o f  t h e  genera l  p u b l i c .  

ORGANIZATIONS AFFECTED: 

3.1 Landowners and r e s i d e n t s  o f  t he  West Cedar R i v e r  V a l l e y  Ridge C r i t i c a l  
Dra inage Area 

3.2 Developers  

3.3 Department o f  Parks,  P l ann ing  and Resources, B u i l d i n g  and Land Development 
D i v i s i o n  

3.4 Department o f  P u b l i c  Works, Sur face  Water Management D i v i s l o n ,  Department 
o f  P u b l i c  Works, Roads and Eng inee r i ng  D i v i s i o n  

4.0, REFERENCES: K ing  County C h a r t e r  5 850; K ing  County Code 2.16.040.8.4.g; 
K i ng  County Code 9.04, K ing  County Code 2.98; K ing  County Code 21.54; 
Sur face  'Water Design Manual. 

5.0 DEFINITIONS; 

5.1 "Adjac.ent s teep s l opeu  means s lopes w i t h  a  g r a d i e n t  o f  15% o r  s t eepe r  
w i t h i n  f i v e  hundred f e e t  o f  t h e  s i t e .  

(M: PRR2) 
< -. - . . . - 
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5 . 3  "Closed depress ion"  means an area o f  K i ng  County wh ich  i s  ' l o w - l y i n g  and 
e i t h e r  has no, o r  such a  l i m i t e d ,  su r face  wa te r  o u t l e t  t h a t  d u r l n g  Storm 
-events  t h e  area a c t s  as a  r e t e n t i o n  bas in ,  h o l d i n g  more than  5000 square 
f e e t  o f  su r f ace  wa te r  a t  over f low.  

5.4 " C r i t i c a l  Dra inage AreaM means an a rea  w i t h  such severe f l ood tng ,  d ra i nage  
and /o r  e ros i on / sed imen ta t i on  condi  t l o n s  t h a t  t h e  a rea  has been fo rma l  l y  
adopted as a  C r i t i c a l  Dra inage ~ i e a  by  r u l e  under  t h e  procedures s p e c i f i e d  
I n  K.C.C. 2.98. T h i s  d e s i g n a t l o q  i s  based on t h e  o b s e r v a t i o n  o r  p r e d i c -  
t i o n ,  u s i n g  s tandard  h y d r o l o g i c a l  methods, o f  one o r  more o f  t h e  f o l l o w i n g  
concerns and t h e  need f o r  more s p e c i f i c  r e g u l a t i o n s  t h a n  t h e  Countywide 
s tandards  i n  o r d e r  t o  m i t i g a t e  t h e  Impacts  o f  proposed developments. 

5 . 4 . 1  Flo.oding Concerns: 

5.4.1.1 F i r s t - f l o o r  . f l o o d i n g  o f  a  r e s i d e n t i a l  o r  comnerc ia l  s . t ruc-  
t u r e  occurs  o r  i s , p r e d i c t e d  t o  occur  more f r e q u e n t l y  than 
once eve ry  t e n  years ;  and /o r  

5.4.1.2 F l o o d i n g  o f  an a r t e r i a l  road  o r  ove r  one f o o t  o f  f l o o d i n g  
on a  r e s i d e n t i a l  o r  comnerc ia l  access r o a d  occu rs  o r  f s  
p r e d i c t e d  t o  occur  more f r e q u e n t l y  t han  once eve ry  t e n  
years .  r 

5.4.2 E ros i on / sed imen ta t i on  Concerns: 

5.4.2.1 E ros i on / sed imen ta t i on  has caused o r  i s  p r e d i c t e d  t o  cause a  
b lockage  o r  wash-out o f  an a r t e r i a l  road ,  r e s i d e n t i a l  o r  

. c o n e r c i a l  access road;  , 

5.4.2.2 Eros ion /s ,ed imenta t ion  has caused o r  i s  p r e d i c t e d  t o  cause 
f l o o d i n g  o r  d isp lacement  o f  a  r e s i d e n t i a l  o r  comnerc ia l  
s t r u c t u r e  by way o f  a  l a n d s l i d e  a n d / o r  d e b r i s  f l ow ;  and lo r '  

5 .4 .2 .3  Eros ion / sed imen ta t i on  has' caused o r  i s  p r e d i c t e d  t o  cause 
s i g n i f i c a n t  h a b i - t a t  damage. 

5.5 "Design s torm" means a r a i n f a l l  ( o r  o t h e r  p r e c i p i t a t i o n )  event  or.  p a t t e r n  
o f  even ts  f o r .  use i n  a n a l y z i n g  and d e s i g n i n g  d ra i nage  f a c i l i t i e s .  

5.6 "De ten t i on "  means r e l e a s e  o f  sur face and s to rm  w a t e r . r u n o f f  f r om  t h e  s i t e  
a t '  a  s l owe r  r a t e '  than  i t  i s  c o l l e c t e d  .by t h e  d ra i nage  f a c i l i t y  system, t h e  
d i f f e r e n c e  b e i n g  h e l d  i n  temporary s to rage .  

5.7 uDevelopment,u f o r  t h e  purposes of  t h i s  document, means any a c t i v i t y  t h a t  
r e q u i r e s  a p e r m i t  o r '  app rova l ,  i n c l u d i n g  b u t  n o t  l i m i t e d  t o  a b u i l d i n g  
p e r m i t ,  g r a d i n g  p e r m i t ,  shore' l  i n e  s u b s t a n t i a l  development p e r m i t ,  
c o n d i t i o n a l  use p e r m i t ,  u n c l a s s i f i e d  use p e r m i t ,  zon ing  va r i ance  o r  
r e c l a s s i f i c a t i o n ,  p lanned  u n i t  development, subd i v i s i on , ,  s h o r t  s u b d i v i s i o n ,  
mas te r  p l a n  development*  b u i l d i n g  . s i t e  p l a n ,  o r  r i g h t - o f - w a y  use p e r m i t .  
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5.7 "Development" means, f o r  t h e  purposes o f  t h i s  document, any a c t i v i t y  t h a t  
. r e q u i r e s  a  p e r m i t  o r  app rova l ,  i n c l u d i n g  b u t  n o t  l i m i t e d  t o  a  b u i l d i n g  
p e r m i t ,  g rad ing  p e r m i t ,  s h o r e l i n e  s u b s t a n t i a l  development p e r m i t ,  
c o n d i t i o n a l  use p e r m i t ,  u n c l a s s i f i e d  use p e r m i t ,  zon lng  va r i ance  o r  
r e c l a s s i f i c a t i o n ,  p lanned u n i t  development, s u b d i v i s i o n ,  s h o r t  s u b d i v i s i o n ,  
master  p l a n  development,  b u i l d i n g  s l t e  p l a n ,  o r  r i g h t - o f - w a y  use pe rm i t .  

5.8 "Dispersed d i scha rge "  means re l ease  o f  s u r f a c e  and s to rm  wate r  r u n o f f  from 
a  d ra i nage  f a c i l i t y  system'such t h a t  t h e  f l o w  spreads over  a  wide area and 
i s  l o c a t e d  so as n o t  t o  a l l o w  f l o w  t o  concen t ra te  anywhere upst ream o f  a 
d ra lnage  channel w i t h  e rodab le  u n d e r l y i n g  g r a n u l a r  s o i l s .  

5.9 "Dra inage"  r e f e r s  t o  t h e  c o l  l e c t l o n ,  conveyance, conta inment ,  and /o r  
d i scha rge  o f  su r f ace  and s to rm wate r  r u n o f f . '  

5.10 "D ra i nage -channe l "  means a  d ra inage  pathway w i t h  w e l l - d e f i n e d  bed and banks 
i n d i c a t t n g  f r e q u e n t  conveyance o f  su r face  and s to rm wate r  r u n o f f .  

5.11, "Dra inage f a c i l i t y "  means t h e  system o f  c o l l e c t i n g ,  convey ing and s t o r i n g  
su r f ace  and s to rm wate r  r u n o f f .  Dra inage f a c i 1 i t i . e ~  s h a l l  i n c l u d e  b u t  n o t  
be l i m i t e d  t o  a l l  su r f ace  and s to rm wa te r  r u n o f f  conveyance and conta inment  
' f a c i l i t i e s  w i t h i n  t h e  d ra i nage  area i n c l u d i n g  streams, p i p e l i n e s ,  channels,  
d i t c h e s ,  swamps, l akes ,  we t lands ,  c l osed  depress ions ,  i n f i l t r a t i o n  f a c i l i -  
t i e s ,  r e t e n t i o n l d e t e n t i o n  f a c i l i t i e s  and o t h e r  d ra i nage  s t r u c t u r e s  and 
appurtenances, b o t h  n a t u r a l .  and manmade. 

5.12 "Dra inage pathway" r e f e r s  t o  t he  r o u t e  t h a t  su r f ace  and s to rm wa te r  r u n o f f ,  
l e a v i n g  any p a r t  o f  a  s i t e ,  f o l l o w s  downslope. 

5.13 "Dra inage rev i ew"  means an e v a l u a t i o n  by  B u i l d i n g  and Land Development 
D i v i s i o n .  s t a f f  o f  a  proposed p r o j e c t ' s  compl iance w i t h  t he  d ra i nage  
requ i rements  i n  t h e  Sur face  Water Design Manual. 

5.14 "Erodable  g r a n u l a r  s o l l s "  means s o i l  m a t e r i a l s  t h a t  a r e  e a s i l y  eroded and 
t r a n s p o r t e d  by  r unn ing  wa te r ,  t y p i c a l l y  f i n e  o r  medium g r a i n e d  sand w i t h  
m ino r  g r a v e l ,  s i l t ,  o r  c l a y  con ten t .  Such s o i l s  a r e  cornnonly desc r i bed  as 
E v e r e t t .  o r  1nc :ano la  s e r i e s  s o i l  t ypes  i n  t h e  SCS c l a s s i f i c a t i o n .  A lso  
i n c l u d e d  a r e  a-ny s o i l s  showing examples o f  e x i s t i n g  severe s t ream channel 
i n c i s i o n  as i n d i c a t e d  by  unvegetated streambanks s t a n d i n g  ove r  two f e e t  
h i g h  above t h e  base o f  t h e  channel. 

5.15 "E ros i on "  means detachment o f  s o i l  o r  r ock  f ragments  b y  wa te r ,  w ind,  i c e  and 
g r a v i t y .  

5.16 "E ros i on / sed imen ta t i on  c o n t r o l  f a c i l i t y N  means a  t y p e  of d ra i nage  f a c i l i t y  
des igned t o  h o l d  wa te r  f o r  a  p e r i o d  o f  t i m e  t o  a l l o w  sediment con ta i ned  i n  
t h e  su r f ace  and s to rm wate r  r u n o f f  d i r e c t e d  t o  t h e  f a c i l i t y  t o  s e t t l e  ou t  s o  
as t o  improve the '  q u a l i t y  o f  t he  r u n o f f .  

(M: PRR2) 



Depzrtment o f  P u b l i c  Works 
E f f e c t i v e  Date: May 24, 1989 

RPM 
KCPR 09.04.050.2 
Page 4 o f  11 

5.17 " Imperv ious  s u r f a c e "  means a  hard  su r f ace  area wh i ch  e i t h e r  p r e v e n t s  o r  
r e t a r d s  t h e  e n t r y  o f  wa te r  I n t o  t h e  s o l 1  man t l e  as under  n a . t ~ r a l  c o n d i t i o n s  
p r i o r  t o  development, and /o r  a  hard  su r face  a rea  wh ich  causes w a t e r  t o  r un  
o f f  t h ' e , s u r f a c e  I n  g r e a t e r  q u a n t i t i e s  o r  a t  an i nc reased  r a t e  o f  f l o w  from 

. t h e  f l o w  p r e s e n t  under n a t u r a l  c o n d l t l o n s  p r i o r  t o  development. C o n o n  
imperv ious  su r f aces  i n c l u d e ,  ,but  a r e  n o t  l i m i t e d  t o ,  r o o f  tops ,  walkways, 
p a t i o s ,  dr iveways,  p a r k i n g  l o t s  o r  s to rage  areas, c o n c r e t e  o r  a s p h a l t  
pav ing ,  g r a v e l  roads, packed ear then  m a t e r i a l s ,  and o i l e d ,  macadam o r  o the r  
su r f aces  wh ich  s i m i l a r l y  impede t h e  n a t u r a l  i n f i l t r a t l ~ n  o f  s u r f a c e  and 
s to rm wa te r  r u n o f f .  Open, 'uncovered . r e t e n t l o n / d e t e n t l o n  f a c i 1  I t i e s  s h a l l  
n o t  be c o n s i d e r e d ' a s  imperv ious  su r f aces  f o r  t h e  purposes o f  t h i s  P u b l i c  
Rule. 

5.18 u I n f i l t r a t i o n H  means t h e  h y d r o l o g i c  process o f  s u r f a c e  and s to rm  wa te r  
r u n o f f  soak ing  i n t o  t h e  ground and i s  comnonly r e f e r r e d  t o  as p e r c o l a t i o n .  

5.19 " I n f i l t r a t i o n  f a c i l i t y "  means a  d ra inage  f a c i l i t y  des igned  t o  use t h e  
h y d r o l o g i c  process o f  su r f ace  and s torm wate r  r uno f f  soak ing  I n t o  t h e  
ground, comnonly r e f e r r e d  t o l a s  p e r c o l a t i o n ,  t o  d i spose  o f  s u r f a c e  a n d "  
s t o m a t e r  r uno f f .  I I I 

5.20 "Manager" means t h e  Manager o f  B u i l d i n g  and Land Development D i v i s i o n  o f  
t h e  K ing  County Department o f  Parks,  P lann ing ,  and Resources o r  h i s  
designee. 

? !  

5.21 " O f f - s i t e "  means any a r e a  l y i n g  upstream of t h e  s i t e  t h a t  d r a i n s  on to  t he  
s i t e  and any area l y i n g  downstream of t h e  s i t e  t o  wh i ch  t h e  s i t e  d r a i n s .  

r 
5.22 "On -s i t e "  means t h e  e n t i r e  p r o p e r t y  t h a t  i n c l u d e s  t h e  proposed development. 

5.,23 ItPermeable s o i l s " '  means' s o i  1  m a t e r i a l s ' w i  t h  a  s u f f i c i e n t l y  r a p i d  . , 

i n f i l t r a t i o n  r a t e  (10  minutes,  pe r  i n c h  o r  b e t t e r )  so as  t o  g r e a t l y  red'uc1e o r  
e l i m i n a t e  s u r f a c e  and s to rm wate r  runo f f .  These s o i l s  a r e  c l a s s i f i e d  as 
SCS hydro1 og i c  s o l  1  t y p e  "A. " 

5.24 @ 'Po in t  d l  scharge"  means t h e  re l ease  o f  c o l  l e c t e d  and /o r  c o n c e n t r a t e d  , 

s u r f a c e  and s to rm wa te r  r u n o f f  f r om  a  p i p e ,  c u l v e r t ,  o r  channel. 

5.25 l tP red i c t i on l t  means an ' expec tedou t come  based on t h e  r e s u l t s  o f  hydro log l ' c  
m o d e l l i n g  and /o r  t h e  judgment o f  a  t r a i n e d  p r o f e s s i o n a l  c i v i l  engfneer  o r  
g e o l o g i s t .  

5.26 l tP ro fess iona l  C i v i l  Eng ineer "  mebns a  person  r e g i s t e r e d  w i t h  t h e  S t a t e  c?f 
Washington as a  p r o f e s s i o n a l  eng ineer  i n  c i v i l  eng inee r i ng .  

' 0 'I 5.27 "Release r a t e M  means t h e  computed peak r a t e  of su r face  and s to rm wa te r  o., 
r u n o f f  f o r  a  p a r t i c u l a r  des ign  s to rm even t  and d ra i nage  a rea  cond i t i ons . ,  

(M: PRR2) 
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5.28 " R e t e n t i o n l d e t e n t i o n  f a c i l i t y "  means a  t ype  o f  d ra i nage  f a c i l i t y  designed 
e i t h e r  t o  h o l d  wa te r  f o r  a  cons ide rab le  l e n g t h  o f  t i m e  and t hen  re l ease  i t ,  
by  evapo ra t i on ,  p l a n t  t r a n s p i r a t i o n  and /o r  i n f i l t r a t i o n  i n t o  t h e  ground; o r  
t o  h o l d  su r f ace  and s to rm wate r  r u n o f f  f o r  a  s h o r t  p e r l o d  o f  t i m e  and then  
r e l e a s e  i t  t o  t h e  n a t u r a l  watercourse. 

5.28 "SCSu means So i ' l  ~ o n s e r v a ' t i o n  Se rv i ce ,  U.S. Department o f  A g r i  cu1 t u r e .  

5.29 'SCS Method" means a  h y d r o l o g i c  a n a l y s i s  based on t h e  Curve Number method 
( N a t i o n a l  Eng inee r i ng  Handbook - S e c t i  on 4: Hydro1 ogy, August ,  1972) and 
u s i n g  any accep tab le  a n a l y t i c a l  . technology as d e l i n e a t e d  i n  t h e  K ing  County 
Sur face  Water Des ign Manual. 

5 .30 . . 'Sed imenta t i0n~~ means t h e  d e p o s i t i n g  o r  f o r m a t i o n  o f  sediment.  

5.31 " S i t e "  means t he  p o r t i o n  o f  a  p i e c e  o f  p r o p e r t y  t h a t  i s  d i r e c t l y  s u b j e c t  t o  
development. 

5.32 "Steep s l opeu  means s lopes  of  15% g r a d i e n t  o r  s teeper .  

5.33 l 'Surface 'and s to rm wa te r  r u n o f f u  means wa te r  o r i g i n a t i n g  f r o m  r a i n f a l l  and 
o t h e r  p r e c i p i t a t i o n  t h a t  i s  found i n  d ra inage  f a c i l i t i e s ,  r i v e r s ,  streams, 
s p r i n g s ,  seeps, ponds, l a k e s  and wet lands as w e l l  as s h a l l o w  ground water .  

5.34 "Sur face  Water Des ign Manual" means t h e  manual (and s u p p o r t i n g  documents as 
a p p r o p r i a t e )  d e s c r i b i n g  su r face  and s to rm wa te r  r u n o f f  a n a l y s i s  and des ign  
requ i rements ,  procedures and guidance which i s  f o r m a l l y  adopted by  r u l e  
under t h e  procedures s p e c i f i e d  i n  K.C.C. 2.98. The Sur face  Water Design 
Manual w i l l  be a v a i l a b l e  f r om  t h e  BALD p e r m i t  cen te r .  

5.31 " ~ n d i ' s t u r b e d  b u f f e r "  means a  zone where development a c t i v i t y  s h a l l  n o t  
occur ,  i n c l u d i n g  l o g g i n g ,  a n d l o r  t h e  c o n s t r u c t i o n  o f  u t i l i t y  t renches ,  
roads, ,and /o r  s u r f a c e  and s to rm wate r  d ra i nage  f a c i l i t y  systems. 

5.32 "und i s t u rbed  low g r a d i e n t  up lands"  means f o r e s t e d  land ,  s u f f i c i e n t l y  l a r g e  
and f l a t  t o  i n f i l t r a t e  su r face  and s to rm r u n o f f  w i t h o u t  a l l o w i n g  t h e  con- 
c e n t r a t i o n  o f  wa te r  on t h e  su r f ace  o f  t h e  ground. 

6.0 POLICIES 

6.1 Those p o r t i o n s  o f  t h e  West Cedar ~ i v e r  V a l l e y  Ridge d ra i nage  b a s i n  
i d e n t i f i e d  i n  t h e  C r i t i c a l  Dra inage Area map a t  t h e  BALD p e r m i t  cen te r  and 
g e n e r a l l y  i n d i c a t e d  i n  t h e  map i n  Appendix 9.1 o f  t h i s  P u b l i c  Ru le  a re  
hereby des igna ted  as a  C r i t i c a l  Dra inage Area because: 

6.1.1 E r o s i o n / s e d i m e n t a t i o n  has caused o r  j s  p r e d i c t e d  t o  cause a  blockage 
o r  wash-out o f  a.n a r t e r i a l  road, r e s i d e n t i a l  o r  c o m e r c i a l  access 
road (Concern 5.3.2.1 o f  t h i s  P u b l i c  Ru le )  and 

(M: PRR2) 
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6.1.2 ~ r o s i o n / s e d i m e n t a t i o n  has caused o r  1s p r e d i c t e d  t o  cause f l o o d i n g  
o r  d isp lacement  o f  a  r e s i d e n t i a l  o r  c o m n e r c i a l ' s t r u c t u r e  by  way of  a  
l a n d s l i d e  and /o r  d e b r i s  f l o w  (Concern 5.3.2.2. o f  t h i s  P u b l i c  Rule).. 

6.2 A p p l i c a t i o n s  f o r  development p roposa ls  w i t h i n  t h i s  C r i t i c a l  Dra inage Area 
may be exempt f rom the  more s t r i . ngen t  C r i t i c a l  Dra inage Area requ i rements  
If t h e y  demonst ra te  t o  t h e  s a t i s f a c t i o n  of t h e  Manager t h a t  t h e  C r i t i c a l  
Dra inage Area mapping o f  t h e  proposed development a rea  I s  i n  e r r o r  because 
one o r  more of  these  c o n d i t i o n s  e x i s t :  

6.2.1 On-sl t e  s u r f a c e  and s to rm wate r  r u n o f f  ( o r  o f f - s l  t e  r u n o f f  e n t e r i n g '  
t h e  d ra i nage  f a c i l i t y  system) does n o t  i n  f a c t  d r a i n  over  s teep  
s lopes ;  

6.2.2 The d ra i nage  pathway i s  n o t  u n d e r l a i n  b y  e rodab le  g r a n u l a r  s o i l s  
anywhere a1 ong i t s  r o u t e  w i t h i n  t h e  C r i t i c a l  Dra inage*  Area; and /o r  

6.2.3 The s i t e  i s  u n d e r l a i n  by permeable S o i l s  t h a t  w i l l  f n f i l t r a t e  and! 
d i  s s l p a t e  s u r f a c e  and 's torm wate r  r u n o f f  even a f t e r  c l e a r i n g  and ::' 
development,  w i t h o u t  r i s k  o f  i n s t a b i l i t y  t o  any a d j a c e n t  s teep  i . z  

s lopes.  
:t P 

6.3 Development p r o p o s a l s  i n  t h i s  Cr i ' t i ca .1  Dra inage Area must be subm i t t ed  wi'th 
a  d ra inage  p l 'an p repared  by  a ' p f o f e s s i o n a l  c i v i l  eng ineer  t h a t  meets each 
of  t h e  f o l l o w i n g  cond i  t i o n s ,  un less  t h e  c o n d i t i o n s  i d e n t i f i e d  i n  Pol  i c y  6..2 
a r e  documented t o  t h e  s a t i s f a c t i o n  o f  t h e  Manager: 

6.3.1 Su r f ace  and st,orm wa te r  r u n o f f  d e t e n t i o n  s h a l l  be computed u s i n g  la 

SCS-based hydrograph metbod ( o r  o t h e r  method as subsequent ly  
approved by  K i n g  Coun ty )+  The performance o f  proposed d e t e n t i o n  
f a c i l i t i e s  (as i l l u s t r a t g d  i n  Appendix 9.2) s h a l l  be such t h a t  
d i scha rge  f r o m  t h e  develgped area s h a l l  b e , n o  more than:  

. . 
6.3.1.1 F i f t y  p e r c e n t  , o f  t h e  f o r e s t e d  two-year l24 -hour  r e l e a s e  r a t e  

f o r  des ign  s to rm events  up ' t o  and i n c l u d i n g  t h e  ." 

two-year/24'-hour . des i gn  s to rm 'event ;  . . 
, . ,. 

6..3,1.2 The f o r e s t e d  t ~ i - ~ e a r / 2 4 - h o u r  r e l e a s e  r a t e  f o r  des ign  s t0 .m 
even t s  g r e a t e r  t han  t h e  two yea r l 24 -hou r  d e s i g n  s to rm eve,nt 

'and up t o  and i n c l u d i n g  t h e  10-year l24 -hour  des ign  storrirl 
even t ;  and ? " .  . .  I 

, . 

6.3.1.3 The f o r e s t e d  ten-year124 hour  r e l e a s e  r a t e  f o r  des ign  s torm 
even't s g r e a t e r  than  t he  10-year.124-hour des ign  s torm even t  
and up t o ,  and , i n c l u d i n g  t h e  100-year /24-hour  des ign  s to r$ '  
even t .  

(M: PRR2) 
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These ' r a t e  c o n t r o l s  may be m o d i f i e d  i f  d i scha rge  i s  conveyed v i a  
con t inuous  welded s to rm  p i p e  t o  a  s u i t a b l y  s t a b i l i z e d  r e l e a s e  p o i n t ,  
w i t h  adequate energy d i s s i p a t i o n ,  be low t h e  a rea  o f  severe e ros i on  
p o t e n t i a l .  

6.3.2 Fo r  purposes o f  t h e  computat ions r e q u i r e d  i n  P o l i c y  6.3.1, p r e -  
development c o n d i t i o n s  w i l l  be assumed t o  be t o t a l l y  f o r e s t e d  
and developed c o n d i t i o n s  w i l l  assume 100% removal o f  f o r e s t  canopy 
w i t h i n  t he  a rea  of  t h e  development ( un less  e x p r e s s l y  p r o h i b i t e d  by 
recorded  easement o r  r e s t r i c t i o n )  as w e l l  as e x i s t i n g ,  proposed, and 
a n t i c i p a t e d  tmperv ious  sur faces.  D e t e n t i o n  facilities must be 
l o c a t e d  t o  accomnodate su r f ace  and s to rm wa te r  r u n o f f  f r om  a l l  areas 
o f  p lanned  o r  p o t e n t i a l  c l e a r i n g  and /o r  c o n s t r u c t i o n .  

6.3.3 P o i n t  d i s cha rge  from detention systems w i l l  be o n l y  i n t o  d ra inage  
channels  t h a t  p r e v i o u s l y  conveyed su r f ace  and s to rm w a t e r  r u n o f f  i n  
t h e  predevelopment s t a t e .  No p o i n t  d i s cha rge  s h a l l  be p e r m i t t e d  
o n t o  o r  upst ream of  s teep sl.opes where e.rodable . g r a n u l a r  s o i  1s 1  i e  
downstream of t h a t  p o i n t  d ischarge.  D ispersed  d i scha rge ,  on to  
u n d i s t u r b e d  l ow -g rad ien t  up lands may be eva lua ted  as a  p o t e n t i a l  
a l t e r n a t i v e .  An u n d i s t u r b e d  b u f f e r  between t h e  d i spe rsed  d ischarge  
and t h e  s teep  s i des lopes  must be adequate t o  ensure i n f i l t r a t i o n  o f  
s u r f a c e  and s to rm wa te r  r u n o f f  i n t o  t he  ground. 

De te rmin ing  and documenting t h a t  adequacy t o  t h e  s a t i s f a c t i o n  o f  the 
Manager i s  t h e  r e s p o n s i b i l i t y  o f  t h e  a p p l i c a n t ' s  p r o f e s s i o n a l  c i v i l  
eng ineer .  

6.3.4 Sur face  and s to rm  wa te r  r u n o f f  e n t e r i n g  any component o f  t h e  o n - s i t e  
d ra i nage  f a c i l i t y  system f rom developed upst ream areas must  be 
d e t a i n e d  and r e l e a s e d . u n d e r  t he  same c r i t e r i a  as su r f ace  and s torm 
wa te r  r u n o f f  genera ted  on -s i t e .  

6.4 If any p o r t i o n  o f  t h i s  P u b l i c  Rule o r  i t s  a p p l i c a t i o n  t o  any person  
o r  p r o p e r t y  i s  h e l d  i n v a l i d ,  t he  remainder  o f  t h i s  P u b l i c  Ru le  o r  t h e  
a p p l i c a t ' i o n  o f  t h e  p r o v i s i o n  t o  o t h e r  persons o r  p r o p e r t y  s h a l l  n o t  be 
a f f e c t e d .  

6.5 T h i s  P u b l i c  Ru le  i s  exempt f r om  t h e  r u l e  o f  s t r i c t  c o n s t r u c t i o n  and s h a l l  
be l i b e r a l l y  cons t rued  t o  g i v e  f u l l  e f f e c t  t o  t h e  o b j e c t i v e s  and purposes 
f o r  wh ich  i t  was adopted. 

(M: PRR2) 
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7.0 GENERAL PROCEDURES. 

R e s p o n s i b i l i t y  

BALD 

BALD 

Appl i c a n t  

BALD 

A c t i o n  

7.1 I d e n t i f i e s , t h a t  t h e  proposed development i s  i n  a  
C r i t l c a l  Dra inage  Area. 

7.2 I n f o r m s  app l  i c a n t  t h a t  ' t h e  proposed development i s  i n  
a  C r i t i c a l  ' D r a i n a g e  Are'a. 

7.3 Submits a d d i t i o n a l . a p p l i c a t l o n  i n f o r m a t i o n  w h i c h  
e i t h e r :  

7.3.1 Demonstrates t h a t  t h e  ,appl  i c a t i o n  qua1 i f l e s  f o r  
t h e ' e x e m p t i o n  i n  P o l i c y  6.2; o r  

7.3.2 . Compl ies w i t h  P o l i c y . 6 . 3 .  

7.4 Reviews t h e  m a t e r i a l s  s u b m i t t e d  i n  s t e p  7.3 and 
d e t e r m i n e s ' i f  i t  comp l ies  w i t h  t h i s  C r i t i c a l  Dra inage 
Area P u b l i c  Rule.  . , 

7.4.1 Re tu rns  inadequa te  m a t e r l a l  t o  t h e  a p p l i c a n t  
w i t h  s p e c i f i c  . i n s t r u c t i o n s  t o  comply' w i t h  s t e p  
7.3? , ,  

7.4,.2 Forwards adequate a p p l i c a t i o n  t o  be processed 
a c c o r d i n g  t o  t h e  e s t a b l i s h e d  r e v i e w  process.  

8.0 RESPONSIBILITIES . 

8.1 The Sur face Water Management D i v i s i o n  i s  respon,s ib l ,e  f o r :  

8.1.1 .Amending t h i s  C r i t l c a l  Dra inage  Area Pub . l i . c ,Ru le  i f  requ i rements  o f  
t h i s  Cri t i c a l  Dra inage  Area Pub1 i c  Ru le  w a r r a n t  a1 t e r a t i o n .  

.' J 
8.1.2 .Upda t ing  the.  C r i t i c a l  Dra inage  Area map a s  new ' i n f o r m a t i o n  becomes 

a v a i l a b l e .  

8.2 The ~ u i  l d i n g  and L a n d  Development D i v i  s i o n  i s  r e s p o n s i b l e  f o r :  ,- !: 1 

8.2.1 I d e n t i f y i n g  each development a p p l i c a t i o n  w h i c h  i s  w i t h i n  a  C r i t i c a l  
Dra inage  Area. - .  

8.2.2 D e t e r m i n i n g  i f  t h e  m a t e r i a l  s u b m i t t e d  b y  t h e  a p p l i c a n t  compl ies  w i t h  
e i t h e r  P o l i c y  6.2 o r  P o l l c y  6.3 o f  t h i s  P u b l i c  Rule.  

(M: PRR2) 
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8.3 The a p p l i c a n t  I s  r e s p o n s i b l e ,  a t  a  minimum, f o r :  

8.3: 1 Demons t ra t ing  t h a t  t h e  a rea  o f  t h e  proposed development compl i e s  
w i t h  P o l i c y  6.2 o r  w i t h  t h e  requ i rements  I n  P o l . i c y  6.3 o f  t h i s  
P u b l l c  Rule. 

9.0 APPENDICES 

9.1 Map o f  t h e  West Cedar R i v e r  V a l l e y  Ridge C r i t i c a l  Dra inage  Area. P r e c i s e  
b o r d e r s  o f  t h i s  C r i t i c a l  Dra inage Area a r e  . i n d i c a t e d  on t h e  C r i t i c a l  . 
D ra inage  Ar'ea map a t  t h e  BALD p e r m i t  c e n t e r .  

9.2 I l l u s t r a t i o n  o f  P o l i c y  6.3.1. 
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MAP OF WEST CEDAR R IVER VALLEY RIDGE C R I T I C A L  DRAINAGE AREA 

( 1 -PAGE MAP ATTACHED) 

(M: PRR2) 
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APPENDIX 9.2 

DETENTION FACILITY PERFORMANCE REQUIREMENTS 

I Forested flow release rales / ! 

1 " I I 
2 10 100 

24 HOUR DESIGN STORM FREQUENCY (YEARS) 
. . 

Note, detention facility hydrographic analysis is only 
required for the 2-, lo-,  and 100-yearl24-hour 
duration design storms (SCS Type 1A distribution) 

(M: PRR2) 
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1.0 SUBJECT TITLE: West Snoqualmie V a l l e y  Ridge C r i t i c a l  Dra inage Area Des igna t i on  

1 - 1  EFFECTIVE DATE: The proposed d a t e  f o r  f i l i n g  w i t h  t h e  C l e r k  o f  t h e  County 
Counc i l  I s  A p r i l  24, 1989. 

1.2 TYP,E OF'ACTION: T h i s  i s  a  new P u b l i c  Rule.  

1.3 'KEY WORDS: (1) C r i t i c a l  Dra inage Area Des igna t i on ;  ( 2 )  Dra inage  Problem; 
( 3 )  West Snoqualmie V a l l e y  Ridge; ( 4 )  Snoqualmie R i v e r ;  ( 5 )  Development 
R e s t r i c t i o n  

2.0 PURPOSE: To des igna te  t h e  West Snoqualmie V a l l e y  Ridge C r i t i c a l  Dra inage Area 
and t o  e s t a b l i s h  a  s tandard  procedure f o r  r e v i e w i n g  a p p l i c a t i o n s  f o r  development 
w i t h ' i n  t h i s  C r i t i c a l  Dra inage Area i n  o r d e r  t o  p rese rve  t h e  h e a l t h ,  s a f e t y ,  and 
w e l f a r e  o f  t h e  .genera l  pub1 i c .  

3.0 ORGANIZATIONS AFFECTED: 

3.1 Landowners and r e s i d e n t s  o f  t h e  West Snoqualmie V a l l e y  Ridge ~ ' r i t i c a l  
Dra inage Area 

3.2 Developers  

3.3 ~ e ~ a r t m e n t  o f  Parks,  P l ann ing  and Resources, B u i l d i n g  and Land Development 
D i v i s i o n  

3.4 Department o f  P u b l i c  Works, Sur face  Water Management D i v i s i o n ,  Department 
o f  P u b l i c  Works, Roads and Eng ineer ing  D i v i s i o n  

4.0 REFERENCES: K ing  County C h a r t e r  § 850,; K ing  County Code 2.16,040.B.4.g; 
K i n g  County Code 9.04, K i n g  County Code 2.98; K ing  County Code 21.54; 
Sur face  Water Des ign Manual. 

5.0 DEFINITIONS: 

5.1 "Ad jacen t  s teep  s l opeu  means s lopes  w i t h  a  g r a d i e n t  o f  15% o r  s teeper  
w i t h i n  f i v e  hundred f e e t  o f  t h e  s i t e .  

5.2 "BALD" means t h e  B u i l d i n g  and Land Development D i v i s l o n  o f  t h e  K ing  County 
Department o f  Parks,  'P lanning and Resources, 

(M: PRR3) 
Fopv. EM.? 
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5.3 "Closed depress ion"  means an area o f  K i ng  County wh ich  i s  l o w - l y i n g  and 
e i t h e r  has no, o r  such a  l . lm i t ed ,  su r f ace  wa te r  o u t l e t  t h a t  d u r i n g  s to rm 
even ts  t h e  area a c t s  as a  r e t e n t i o n  bas in ,  h o l d i n g  more than  5000 square 
f e e t  o f  su r f ace  wa te r  a t  over f low.  

5.4 " C r i t i c a l  Dra inage Areau means an a rea  w i t h  such s'evere f l o o d i n g ,  d ra jnage  
and /o r  e ros i , on / sed imen ta t i on  c o n d i t i o n s  t h a t  t h e  a rea  has been f o r m a l l y  
adopted as a  C r i t i c a l  Dra inage Area by  r u l e  under  t h e  procedures s p e c i f i e d  
i n  K.C.C. 2.98. , T h i s  d e s i g n a t i o n  i s  based on t h e  o b s e r v a t i o n  o r  p r e d i c -  
t i o n ,  u s i n g  .s tandard  h y d r o l o g i c a l  methods, o f  one o'r more o f  t h e  f o l l o w i n g  
concerns and. t h e  need f o r a m o r e  - s p e c i f i c  r e g u l a t ' i o n s  t h a n  t h e  Countywide 
s tandards  i n  o r d e r  t o  m i t i g a t e  t h e  impacts  o f  proposed developments. 

F l ood fng  Concerns: 

5.4.1.1 F i r s t - f l o o r  f l o o d i n g  o f  a  r e s i d e n t i a l  o r  comnerc ia l  s. t ruc- 
t u r e  occurs  o r '  i s  p r e d l c t e d  t o  occur  more f r e q u e n t l y  than  
once eve ry  t e n  years ;  and /o r  

5.4.1.2 F l o o d i n g  o f  an a r t e r i a l  road  o r  o v e r  one f o o t  o f  f l ood . ing  
on a  r e s i d e n t i a l  o r  c o m e r c i a l  access road  o c c u r s ' o r  i s  
p r e d l c t e d  t o  occur  more f r e q u e n t l y  t han  once eve ry  t e n  
years .  

5.4,2. E ros i .on /sed imenta t ion  Concerns: 

5.4.2.1 Eros ion /sed imenta t io 'n  has caused o r  i s  p r e d i c t e d  t o  cause.8 
b lockage  o r  wash-out o f  an a r t e r i a l  road,  r e s i ' d e n t i a l  o r  
comnerc ia l  access road;  

5.4,2.2 Eros ion / sed imen ta t i on  has caused o r  i s  p r e d i c t e d  t o  cause 
f l o o d i n g  o r  d isp lacement  o f  a  r e s i d e n t i a l  o r  comnerc ia l  

, s t r u c t u r e  by  way o f  a  l ' ands l i de  a n d / o r . d e b r i s  f l o w ;  and /o r  

5.4.2.3 E ros i on / sed imen ta t i on  has caused o r  i s  p r e d l c t e d  t o  cause 
s i g n i f i c a n t  h a b i t a t  damage. 

5.5  I tDesign s torm" means a  r a i n f a l l  ( o r  o t h e r  p r e c i p i t a t i o n )  even t  or.  p a t t e r n  
o f  even ts  f o r  use i n  a n a l y ~ i n g ~ a n d  d e s i g n i n g  d ra i nage  f a c i l i t i e s .  

5.6 nDetent ionl l  means r e l e a s e  of  sur face and s to rm .wa te r  r u n o f f  f r o m  t h e  s i t e  
a t  a  s l owe r  r a t e  than  i t  i s  c o l l e c t e d  by  t h e  d ra i nage  f a c i l i t y  system, t h e  
d i f f e r e n c e  b e i n g  h e l d  i n  temporary s torage.  

5.7 " D e ~ e l o p m e n t , ~ ~  f o r  t h e  purposes o f  t h i s  document, means any a c t i v i t y  t h a t  
r e q u i r e s  a  p e r m i t  o r '  app'roval , . i n c l u d i n g  b u t  n o t  1 i m i  t e d  t o  a b u i l d i n g  

. p e r m i t ,  g r a d i n g  p e r m i t , '  shore1 i n e  s u b s t a n t i a l  .development p e r m i t ,  
c o n d i t i o n a l  use p e r m i t ,  u n c l a s s i f i e d  use p e r m i t ,  zon ing  va r i ance  o r  
r e c l a s s i f f c a t i o n ,  p lanned  u n i t  deve,,opment, s u b d i v i s i o n ,  s h o r t  s u b d i v i s i o n ,  . ,. 
mas te r  p l a n  development,  b u i l d i n g  s i t e  p l a n ,  o r ' , r i g h t - o f - w a y  use pe rm i t .  

(M: PRR3) 



Department o f  P u b l i c  Works RPM 
E f f e c t i v e  Date:  May 24, 1989 KCPR 09.04.050.1 

Page 3  o f  11 

5.8 "Dispersed d i scha rgeu  means re lease  o f  s,urface and s to rm  wate r  runo f f  from 
a  d ra i nage  f a c i l i t y  system such t h a t  t h e  f l o w  spreads 0 v e r . a  w ide  area and 
i s  l o c a t e d  so as n o t  t o  a l l o w  f l o w  t o  concen t ra te  anywhere upstream of  a  
d ra i nage  channel w i t h  e rodab le  u n d e r l y i n g  g r a n u l a r  s o i l s .  

5.9 "Dra inageu r e f e r s  t o  t h e  c o l  l e c t i o n ,  conveyance, con ta inment ,  and /o r  
d i scha rge  o f  su r face  and s torm wate r  r u n o f f ,  

5.10 "Drainage channel "  means a  d ra inage  pathway w i t h  w e l l - d e f i n e d  bed and banks 
i n d i c a t i n g  f r e q u e n t  conveyance o f  su r f ace  and s to rm  wa te r  runof f .  

5.11 "Drainage f a c i l i t y "  means t he  system o f  c o l l e c t i n g ,  convey ing and s t o r i n g  
su r f ace  and s to rm wate r  r uno f f .  Drainage f a c i l i t i e s  s h a l l  I n c l u d e  b u t  n o t  
be 1  i m i  t e d  t o  a1 1  su r f ace  and s torm wate r  r u n o f f '  conveyance and conta inment  

' f a c i l i t i e s  w i t h i n  t h e  d ra inage  area i n c l u d i n g  s t reams,  pipelines, channels,  
d i t c h e s ,  swamps, l akes ,  wet lands,  c losed  depress ions ,  I n f i l t r a t i o n  f a c i l i -  
t i e s ,  r e t e n t i o n l d e t e n t i o n  f a c i l i t i e s  and o t h e r  d r a i n a g e  s t r u c t u r e s  and 
appurtenances, b o t h  n a t u r a l  and manmade. , 

5.12 'Drainage.pathwayf l  r e f e r s  t o  the  r o u t e  t h a t  s u r f a c e  and s to rm wa te r  r uno f f ,  
l e a v i n g  any p a r t  o f  a  s i t e ,  f o l l o w s  downslope. 

5.13 "Dra inage rev i ewv  means an e v a l u a t i o n  by  B u i l d i n g  and Land Development 
D i v i s i o n  s t a f f  o f  a  proposed p r o j e c t ' s  compl iance w i t h  t h e  d ra inage  
requ i rements  I n  t h e  Sur face  Water Design Manual. 

5.14 "Erodable  g r a n u l a r  s o i l s "  means s o i l  m a t e r i a l s  t h a t  a r e  e a s i l y  eroded and 
t r a n s p o r t e d  b y  r u n n i n g  water ,  t y p i c a l l y  f i n e  o r  medium g r a i n e d  sand w i t h  
m ino r  g r a v e l ,  s i l t ,  o r  c l a y  content .  Such s o i l s  a r e  comnonly d e s c r i b e d ' a s  
E v e r e t t  o r  I n d i a n o l a  s e r i e s  s o i l  t ypes  i n  t h e  SCS c l a s s i f i c a t i o n .  A l s o  
i n c l u d e d  a r e  any s o i l s  showing examples o f  e x i s t i n g  severe s t ream channel 
i n c i s i o n  as i n d i c a t e d  by unvegetated streambanks s t a n d i n g  over  two f e e t  
h i g h  above t h e  base o f  t h e  channel. 

5.15 "E ros i on "  means detachment o f  s o i l  o r  r ock  f ragments by  wa te r ,  wind, j c e  
and g r a v i t y .  

5.16 nE ros ion / sed Imen ta t i on  c o n t r o l  f a c i l i t y "  means a  t y p e  o f  d ra i nage  f a c i l i t y  
des igned  t o  h o l d  wa te r  f o r  a p e r i o d  of  t ime  t o  a l l o w  sediment con ta ined  i n  
t h e  s u r f a c e  and s t o r m . w a t e r  runo f f  d i r e c t e d  t o  t h e  f a c i l i t y  t o  s e t t l e  o u t  
so as t o  Improve t h e  q u a l i t y  o f  t h e  r uno f f .  

5.17 ' t Imperv ious s u r f a c e "  means a  hard  sur face area wh i ch  e l t h e r  p reven t s  o r .  
r e t a r d s  t h e  e n t r y  o f  wa te r  i n t o  t h e  s o i l  m a n t l e  as  under  n a t u r a l  c o n d i t i o n s  
p r i o r  t o  development,  and /o r  a  ha rd  su r face  a rea  wh i ch  causes wate r  t o  Fun 
o f f  t h e  sur face i n  g r e a t e r  q u a n t i t i e s  o r  a t  an i n c r e a s e d  r a t e  o f  f l o w  f r om 
t h e  f l o w  p r e s e n t  under n a t u r a l  c o n d i t i o n s  p r i o r  t o  development. Comnon 
imperv ious  su r f aces  i n c l u d e ,  b u t  a r e  no t  l i m i t e d  t o ,  r o o f  tops,  walkways, 
p a t i o s ,  dr iveways,  p a r k i n g  l o t s  o r  s t o rage  a reas ,  conc re te  o r  a s p h a l t  

(M: PRR3) 4 /17 /89  
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pav ing ,  g r a v e l  roads, packed ear then  m a t e r i a l s ,  and o i l e d ,  macadam o r  o t h e r  
su r faces  wh ich  s i m i l a r l y  impede t h e  n a t u r a l  i n f i l t r a t i o n , , o f  su r f ace  and 
s to rm  wa te r  r uno f f .  Open, uncover'ed r e t e n t i o n / d e t e n t i o n  f a c i l  f t i e s  s h a l l  
n o t  be cons ide red  as imperv ious  sur faces  f o r  t h e  purposes'  o f  t h i s  Pub l i ' c ,  
Rule, 

5.18 u I n f i l t r a t i o n u  means t h e  h y d r o l o g i c  p rocess  o f  su r face  and s to rm wate r  
r u n o f f  soak ing  i n t o  t h e  ground and i s  comnonly r e f e r r e d  t o  as  p e r c o l a t l o n .  

5.19 " I n f l l t r a t l o n  f a c i l i t y *  means a d ra i nage  f a c i l l t y  des igned  t o  use t h e  
h y d r o l o g l c  p rocess  o f  s u r f a c e  and s to rm wa te r  r u n o f f  soak ing  i n t o  t h e  
ground, comnonly r e f e r r e d  t 0 . a ~  p e r c o l a t l o n ,  t o  d i spose  o f  s u r f a c e  and 
s tormwater  r u n o f f .  

5.20 NManager'' means t h e  Manager o f  B u i l d i n g  and Land Development D i v i s i o n  o f  
t h e ' K i n g  County Department o f  Parks,  P l ann ing ,  and,Resources o r  h i s  
designee. 

! , i  i 

5.21 " O f f - s i  t e l l  means any ' a rea ,  l y i n g  upstream o f .  t h e  .sf t e '  t h a t  d r a i n s  on to  . the  
s l t e  and any a rea  l y i n g  downstream o f  t h e  s i t e  t o  wh ich  t h e  s i t e  d r a i n s .  ,' 

. . 

5.22 uOn-s i t e "  means t h e  e n t i r e  p r o p e r t y  t h a t  i n c l u d e s  t h e  proposed development. 

5.23 "Permeable s o i l s m t  means s o i l  m a t e r i a l s  w i t h  a  s u f f i c i e n t l y  r a p i d  
i n f i l t r a t i o n  r a t e  (10 m inu tes  p e r  i n c h  o r  b e t t e r )  so as t o  g r e a t l y  r e d u c e y  
o r  e l i m i n a t e  s u r f a c e  and s to rm  wa te r  r u n o f f .  These s o i l s  a r e  c l a s s i f i e d  as 
SCS h y d r o l o g i c  s o i l  t y p e  A. 

5.24 " P o i n t  d i scharge1 '  means. t h e  r e l ' ea i e  o f  c o l l e c t e d .  and /o r  concen t ra ted  
sur face  and s t o r m  w a t e r  r u n o f f  f r om  a  p i p e ,  c u l v e r t ,  o r  channel. 

5.25 l ' P r e d i c t i o n "  means an expec ' t ed ' : o~ t comt i  based on t h e  r e s u l t s  o f  hydro log i ' c  
mode1 1  i n g  and /o r  t h e  judgment o f  ' a  t r a i n e d  p r o f e s s i o n a l '  ~ i v i  1  eng ineer  o r  
g e o l o g i s t .  

5.26 u P r o f e s s i o n a l  C i v i l  Eng ineer "  means a  person  r e g i ' s t e r e d  w i t h  t h e  S t a t e  ofl' 
.Washington as  .a p r o f e s s i o n a l  eng ineer  i n  c i v i l  eng ineer ing . .  

5.27. "Release r a t e "  means t h e  computed peak r a t e  of, s u r f a c e  and s t o r m  wate r  
r u n o f f ,  f o r  a  p a r t i c u l a r  des ign  :storm even t  and d ra i nage  a rea  c o n d i t i o n s .  . 

' 

5.28, l ' ~ e t e n t l o n / d e t e n t l o n  f a c i l  i t y '  means a  t y p e  o f  d ra i nage  f a c i l i t y  designed' 
e i t h e r  t o  h o l d  wa te r  f o r  a  cons ide rab le  1eng.th o f  t ime  and t hen  r e l e a s e  i t -  
by  evapo ra t i on ,  p l a n t  3 r a n s p i  r a t i o n  and /o r  i n f  i 1  t r a t i o n  i n t o  t h e  ground;  o r  
t o  ho ld .  s u r f a c e  and s to rm  wa te r  r u n o f f  f o r  a  s h o r t  p e r i o d  o f  t ime  and then  
r e l e a s e  i t  t o  t h e . n a t u r a 1  watercourse.  

' 5,.29 "SCSI-means S o i l  Cons.ervat ion Se rv i ce ,  U.S. Department o f  A g r i c u l t u r e .  
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5.30 'SCS Methodu means a  h y d r o l o g i c  a n a l y s i s  based on t he  Curve Number method 
( N a t i o n a l  Eng inee r i ng  Handbook - S e c t i o n  4:  Hydro logy,  August,  1972) and 
u s i n g  any accep tab le  a n a l y t i c a l  t e c h n o 1 o g y . a ~  d e l i n e a t e d  i n  t h e  K ing County . 
Sur face  Water Des ign Manual. 

5 .31  "Sed imenta t ionU means t h e  d e p o s i t i n g  o r  f o r m a t i o n  o f  sediment. 

5 .32  " S i t e u  means t h e  p o r t i o n  o f  a  p i e c e  o f  p r o p e r t y  t h a t  i s  d i r e c t l y  s u b j e c t  t o  
development. 

5 .33  "Steep s l opeu  means s lopes o f  15% g r a d i e n t  o r  s teeper .  

5.34 "Sur face  and s to rm wate r  r u n o f f "  means wa te r  o r i g i n a t i n g  f r om  r a i n f a l l  and 
o t h e r  p r e c i p i t a t i o n  t h a t  i s  found i n  d ra i nage  f a c i l i t i e s ,  r i v e r s ,  streams, 
s p r i n g s ,  seeps, ponds, l akes  and wet lands  as w e l l  as sha l l ow  ground water .  

5.35 "Sur face  Water Design Manual" means t h e  manual (and s u p p o r t i n g  documents as 
a p p r o p r i a t e )  d e s c r i b i n g  su r f ace  and s to rm wate r  r u n o f f  a n a l y s i s  and des ign  
requ i rements ,  procedures and guidance wh ich  i s  fo rma l  l y  adopted by ru.1 e  
under t h e  procedures s p e c i f i e d  i n  K.C.C. 2.98.  The Surface Water Des ign 
Manual w i l l  be a v a i l a b l e  f r om  the  BALD p e r m i t  cen te r .  

5 i 3 6  "Und is tu rbed  b u f f e r n  means a zone where development a c t i v i t y  s h a l l  n o t  
occur ,  i n c l u d i n g  l o g g i n g ,  and /o r  t he  c o n s t r u c t i o n  o f  u t i l i t y  t renches ,  
roads, and /o r  s u r f a c e  and s to rm wate r  d ra i nage  f a c i l i t y  systems. 

5.37  "Und is tu rbed  low g r a d i e n t  up lands"  means f o r e s t e d  land ,  s u f f i c i e n t l y  l a r g e  
and f l a t  t o  i n f i l t r a t e  s u r f a c e  and s to rm r u n o f f  w i t h o u t  a l l o w i n g  t h e  con- 
c e n t r a t i o n  o f  wa te r  on t h e  su r f ace  o f  t h e  ground. 

6.0 POLICIES 

6 . 1  Those p o r t i o n s  o f  t h e  West Snoqualmie V a l l e y  Ridge d ra i nage  b a s i n  
i d e n t i f i e d  i n  t h e  C r i t i c a l  Dra inage Area map a t  t h e  BALD p e r m i t  cen te r  ' 

and g e n e r a l l y  i n d i c a t e d  i n  t h e  map i n  Appendix 9 . 1  o f  t h i ' s  P u b l i c  Rule 
a r e  hereby des igna ted  as a  C r i t i c a l  Dra inage Area because: 

6 . 1 . 1  Eros ion / sed imen ta t i on  has caused o r  I s  p r e d i c t e d  t o  cause a  b lockage 
o r  wash-out o f  an a r t e r i a l  road, r e s i d e n t i a l  o r  comnerc ia l  access 
road  (Concern 5 .3 .2 .1  o f  t h i s  P u b l i c  Ru le ) ,  

6.1 .2  E r o s i o n / s e d i m e n t a t i o n  has caused o r  1s p r e d i c t e d  t o  cause f l o o d i n g  
o r  d isp lacement  o f  a  r e s i d e n t i a l  o r  co rmerc i a l  s t r u c t u r e  by way o f  a  
l a n d s l i d e  and /o r  debr , is  f l o w  (Concern 5 .3 .2 .2  o f  t h i s  P u b l i c  R u l e ) ,  
and 
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6.1.3 E ros l on / sed imen ta t i on  has caused o r  I s  p r e d i c t e d  t o  cause s i g n i f i -  
can t  h a b i t a t  damage ( C r i t e r i a  5.3.2.3 i n  t h i s  P u b l i c  Ru le ) .  

6.2 A p p l i c a t i o n s  f o r  development p roposa l s  w l t h l n  t h i s  C r l t l c a l  Dra lnage Area 
may be exempt f r o m  t h e  more s t r i n g e n t  C r l t i c a l  Dra inage Area requ i rements  

, i f  t h e y  demonst ra te  t o  t h e  s a t i s f a c t i o n  o f  t h e  Manage r ' t ha t  t h e  C r i t i c a l  
Dra inage Area mapping of  t h e  proposed development a rea  i s  I n  e r r o r  because 
one o r  more o.f these  c o n d i t i o n s  e x i s t :  

6,2.1 On -s i t e  s u r f a c e  and s to rm  wa te r  r u n o f f  d r a i n ~ g e  ( o r  o f f - s i t e  'surfa.ce 
and s to rm wa te r  r u n o f f  e n t e r i n g  t h e  d ra i nage  f a c i l i t y  system) does 
n o t  i n  f a c t  d r a i n  ove r  s teep  s lopes ;  

6.2.2 The d ra i nage  pathway I s  n o t  u n d e r l a i n  'by  e rodab le  g r a n u l a r  s o l  1  s  
anywhere a l o n g  i t s  r o u t e  w i t h i n  t h e  C r i t i c a l  Dra inage  Area; a n d l o r  

6.2.3 The s i t e  i s  u n d e r l a i n  by  permeable s o i l s  t h a t  w i l l  i n f i l t r a t e  and 
d i s s i p a t e  ' su r face  and s to rm wa te r  r uno f f  even a f t e r  c l e a r i n g  and i-. 
development, w i t h o u t  r i s k  of i n s t a b i l i t y  t o  any a d j a c e n t  s teep  
s  1  opes'. 

. - 
6.3 Development p roposa l s  i n  t h i s  C i i t i ~ c a l  Dra inage Area must  be submitted w i t h  

a  d ra i nage  p l a n  p repared  b y  a  p r ~ f e s s l o n a l  c i v i l  eng inee r  t h a t - m e e t s  each 
o f  t h e  f o l l o w i n g  cond . i t i ons ,  un less  t h e  c o n d i t i o n s  i d e n t i f i e d  i n  P o l i c y  672 
a r e  documented t o  t h e  s a t i s f a c t i o n  o f  t h e  Manager: 

. . 

6.3.1 Sur face  and sto,rm wa te r  r u n o f f  de ten t ion .sha .11  be computed u s i n g  a :  
SCS based hydrograph method ( o r  o t h e r  me'thod a s ' s u b s e q u e n t l y  
approved b y  ~ i n g  County).  The per formance o f  proposed d e t e n t i o n  
f a c i l i t i e s  (as  i l l u s t r a t ' e d  i n  Appendix 9,2) s h a l l  be such t h a t  , . 

d i s cha rge  f r o m  t h e  developed area s h a l l  be no more than: 
I 

6.3.1.1 F i f t y  p e r c e n t  o f  t h e  forested,two-yearl24-hour r e l e a s e  
, . . r a t e  f o r  des' ign s to rm even ts  up t o  and i n c l u d i n g  t h e  , , 

' two-year /24-hour  des ign  ' s t o rm  even t ;  \.  

6.3.1.2 The f o r e s t e d  two-year l24 -hour  r e l e a s e  r ' a t e . ' f o r  des ign  s torm 
even t s  g r e a t e r  than  t h e  two yea r l 24 -hou r  des ign  s to rm event  
'and up t o  a i d  i n c l u d i n g  t h e  10-year l24 -hour  d e s i g n  s t o r m . -  
even t ;  and 

., . 

6.3.1.3' The f o r e s t e d  ten-year /24-hour  r e l e a s e  r a t e  f o r  des ign  s to rm 
even t s  g r e a t e r  than  t h e  10-year /24-hour  des ign  s to rm event.  
'and up t o  and i n c l u d i n g  t h e  100-year l24-hour  des ign  stormi ' 
event .  

These r a t e  c o n t r o l s  may be m o d i f i e d  i f  d i scha rge  i s  conveyed v i a  a  
con t inuous  welded s to rm p i p e  t o  a  s u i t a b l y  s t a b i l l z e d  r e l e a s e  p o i n t ,  
w i t h  adequate energy d i s s i p a t i o n  be low t h e  a rea  o f  severe e r o s i o n  
p o t e n t i a l  .. 

(M: PRR3) 
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6.3.2 Fo r  purposes of t h e  computat ions r e q u i r e d  i n  P o l i c y  6.3.1, 
predevelopment c o n d i t i o n s  w i l l  be assumed t o  be t o t a l l y  f o r e s t e d  and 
developed c o n d i t i o n s  w i l l  assume 100% removal o f  f o r e s t  canopy 
w i t h i n  t h e  area o f  t h e  development ( un less  e x p r e s s l y  p r o h i b i t e d  by 
recorded  easement o r  r e s t r i c t i o n )  as w e l l  as  e x i s t i n g ,  proposed, and 
a n t i c i p a t e d  imperv ious sur faces.  D e t e n t i o n  f a c i l i t i e s  must be 
l o c a t e d  t o  accomnodate su r f ace  and s to rm  wa te r  r u n o f f  f rom a l l  areas 
of  p lanned o r  p o t e n t i a l  c l e a r i n g  and /o r  c o n s t r u c t i o n .  

6.3.3 P o i n t  d i s cha rge  f r om d e t e n t i o n  systems w i l l  be o n l y  i n t o  d ra i nage  
channels t h a t  p r e v i o u s l y  conveyed su r f ace  and s to rm  wate r  r u n o f f  i n  
t h e  predevelopment s t a t e .  No p o i n t  d i s cha rge  s h a l l  be p e r m i t t e d  
on to  o r  upstream o f  s teep s lopes where e rodab le  g r a n u l a r  d e p o s i t s  
l i e  anywhere downstream o f  t h a t  p o i n t  d i scharge .  Dispersed 
d ischarge ,  on to  und i s t u rbed  l ow -g rad ien t  up lands may be eva lua ted  as 
a  p o t e n t i a l  a l t e r n a t i v e .  An u n d i s t u r b e d  b u f f e r  between t h e  

d i s p e r s e d  d ischarge  and t h e  s teep  s i des lopes  must be adequate t o  
ensure i n f i l t r a t i o n  o f  su r f ace  and s to rm  wa te r  r u n o f f  i n t o  t h e  
ground. De te rmin ing  and documenting t h a t  adequacy t o  t h e  s a t i s f a c -  
t i o n  o f  t h e  Manager i s  t h e  r e s p o n s i b i l i t y  o f  t h e  a p p l i c a n t ' s  p r o -  
f e s s i o n a l  c i v i l  eng ineer .  

6.3.4 Sur face  and, s torm wa te r  r u n o f f  e n t e r i n g  any component o f  t h e  o n - s i t e  
d ra i nage  f a c i l i t y  system f r om developed upstream areas  must be 
d e t a i n e d  and re l eased  under t h e  same c r i t e r i a  as r u n o f f  generated 
on -s i  t e .  

6.4 I f  any p o r t i o n  o f  t h i s  P u b l i c  Rule  o r  i t s  a p p l i c a t i o n  t o  any person o r  
p r o p e r t y  i s  h e l d  i n v a l i d ,  t h e  remainder o f  t h i s  P u b l i c  Ru le  o r  t h e  
a p p l i c a t i o n  o f  t h e  p r o v i s i o n  t o  o t h e r  persons o r  p r o p e r t y  s h a l l  n o t  be 
a f f e c t e d .  

6.5 T h i s  P u b l i c  Ru le  i s  exempt f rom the  r u l e  o f  s t r i c t  c o n s t r u c t i o n  and s h a l l  
be l i b e r a l l y  cons t rued  t o  g i v e  f u l l  e f f e c t  t o  t h e  o b j e c t i v e s  and purposes 
f o r  wh ich  i t  was adopted. 

7.0 GENERAL PROCEDURES 

R e s p o n s i b i l i t y  A c t i o n  

BALD 

BALD 

7.1 I d e n t i f i e s  t h a t  t h e  proposed development i s  i n  a  
C r i t i c a l  Dra inage Area. 

7 . 2  In forms a p p l i c a n t  t h a t  t h e  proposed development i s  i n  
.a C r i t i c a l  Dra inage Area. 

(M:  PRR3) 
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Appl l c a n t  7.3 Submits a d d i t i o n a l  a p p l i c a t i o n  I n f o r m a t i o n  which 
e l  t h e r :  

7.3.1 Demonstrates t h a t  t h e ,  application, q u a l i f i e s  f o r  
t he  exemption i n  Pol l 'cy  6.2; o r  , 

7.3.2 C o m p l i e s - w l t h  P o l l c y  6.3. 

BALD 7.4 Reviews t he  m a t e r i a l s  subm i t t ed  i n  s t e p  7.3 and 
determines i f  I t  compl ies w l t h  t h i s  C r i t i c a l  Drainage 
Area P u b l i c  Rule. 

7.4.1 Returns inadequate m a t e r i a l '  t o  t h e  appl  i c a n t  
w i t h  s p e c i f i c  i n s t r u c t i o n s  t o  comply w l t h  s tep  
7.3,. 

7.4.2 ' Forwards adequate app l  i c a t i o n  t o  be processed 
acco rd ing  t o  t h e  e s t a b l i s h e d  rev iew  process. 

8.0 RESPONSIBILITIES 0 

8.1 The Sur face  Water Management .Div is ion .. . i s  r e s p o n s i b l e  f o r :  

8 . 1 .  Amending t h i s  C r i t i c a l  Drainage Area P u b l i c  Rule i f  boundar ies o r  
requi rements o f  t h i s  C r i t i c a l  Drainage Area P u b l i c  Rule wa r ran t  
a1 t e r a t i o n .  ' 5 ~  

8.1.2 Updat ing  t h e  C r i t i c a l  Drainage Area map a t  t h e  BALD p e r m j t  cen te r  as 
new i n f o r m a t i o n  becomes a v a i l a b l e .  

p - ... 4 

8.2 The B u i l d i n g  and Land Development ~ l v i s i o n '  i s  r e s p o n s i b l e  for,: 

8.2.1 I d e n t i f y i n g  each developmqnt a p p l i c a t i o n  wh i ch  i s  w i t h i n  a  Cr i t . l ca , l  
Drainage Area. 

8.2.2 Dete rmin ing  i f  t he  m a t e r i a l  submi t ted  by t h e  a p p l l c a n t  compl ies w l t h  
e i t h e r  P o l l c y  6.2 o r  P o l i c y  6.3 o f  t h i s  P u b l i c  Rule,. 

8.3 The a p p l l c a n t  I s  r espons ib l e ,  a!t a  minimum, f o r :  

8.3.1 Demons t ra t i ng  t h a t '  . the area of  t h e  proposed development compl i e s  w! t h  
P o l i c y  6.2 o r  w i t h  t h e  requi rements i n  P o l i c y  6.3 of  t h i s  P u b l i c  Rule. 

(M: PRR3) 
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9.0 APPENDICES 

9.1 Map o f  t h e  West Snoqua lmie  V a l l e y  R idge  C r i t i c a l  D r a i n a g e  Area. P r e c i s e  
b o r d e r s  o f  t h l s  C r i t i c a l  D r a i n a g e  Area a r e  I n d i c a t e d  on t h e  C r i t i c a l  
D r a i n a g e  Area map a t  t h e  BALD p e r m i t  c e n t e r .  

9.2 I l l u s t r a t l o n  o f  P o l i c y  6.3.1. 

(M: PRR3) 
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APPENDIX 9 . 1  

MAP OF THE 'WEST SNOQUALMIE VALLEY RIDGE CRIT ICAL DRAINAGE AREA 

(4-PAGE MAP ATTACHED) 

(M: PRR3) 











Depar tmen t  o f  Public Works 
E f f e c t i v e  Date :  May 24, 1989 

APPENDIX 9.2 

RPM 
KCPR 09.04.050.1 
Page 1 1  o f  11 

DETENTION FACILITY PERFORMANCE REQUIREMENTS 

2 10 100 
24 HOUR DESIGN STORM FREQUENCY (YEARS) 

Note, detention facility hydrographic analysis is only 
required for the 2-, lo - ,  and 100-yearl24-hour 
dljration design storms (SCS Type 1 A distribution) 

(M: PRR3) 
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Oe anmen111 suing a encv Ene-tlve Gale 
bepar tmen? o f  Pub1 i c  Works lSur face  Water Management D i v i s i o n  ] August 22, 1991 

1.0 SUBJECT TITLE: No r t hsho re  C r i t i c a l  Dra inage  Area D e s i g n a t i o n  

1.1 EFFECTIVE DATE: August 22, 1991 

1.2 TYPE OF .ACTION: T h i s  i s  a  new P u b l i c  Rule.  

1.3 KEY WORDS: ( 1 )  C r i t i c a l  Dra inage  Area D e s i g n a t i o n ;  ( 2 )  Dra inage  Problem; 
( 3 )  No r t hsho re  Comnunity P l a n n i n g  Area; ( 4 )  Eas t  Lake Washington; 
( 5 )  Development R e s t r i c t i o n ;  ( 6 )  J u a n i t a  Creek; ( 7 )  Samnamish R i v e r .  

2.0 PURPOSE: To d e s i g n a t e  t h e  No r thsho re  C r i t i c a l  Dra inage  Area and t o  e s t a b l i s h  a  
s t anda rd  p rocedure  f o r  r e v i e w i n g  a p p l i c a t i o n s  f o r  development w i t h i n  t h i s  
C r i t i , c a l  Dra inage  Area i n  o r d e r  t o  p r e s e r v e  t h e  h e a l t h ,  s a f e t y ,  and w e l f a r e  o f  
t h e  gene ra l  p u b l i c . .  The i n t e n t  o f  t h i s  Ru le  i s  t o  l i m i t  t h e  magni tude and dur-a- 
t i o n  o f  post -development  f l o w s  t o  t h e i r  pre-development  l e v e l s .  

3.0 ORGANIZATIONS AFFECTED: 

3 .1  Landowners and r e s i d e n t s  o f  t h e  No r thsho re  C r i t i c a l  Dra inage  Area. 

3.2 Developers  

3.3 Department o f  Parks ,  P l a n n i n g  and Resources, B u i l d i n g  and Land Development 
D i v i s i o n  

3.4 Department o f  P u b l i c  Works, Su r f ace  Water Management D i v i s i o n ,  Roads and 
Eng inee r i ng  D i v i s i o n  

4.0 REFERENCES: K i n g  County C h a r t e r  5 850; K i n g  County Code 2.16.040.8.4.9; Ki.ng 
County Code 9.04; K i n g  County Code 2.98; K i n g  County Code 21.54; Su r f ace  Water 
Des ign  Manual;  Bear Creek Bas in  P lan.  

5.0 DEFINITIONS: 

5.1 "BALD" means t h e  B u i l d i n g  and Land Development D i v i s i o ' n  o f  t h e  K i n g  County 
Department o f  Parks ,  P l a n n i n g  and Resources. 
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5.2 " C r i t i c a l  Dra inage  Area' means an a r e a  w i t h  such severe  f l o o d i n g ,  d r a i n a g e  
a n d l o r  e r o s i o n l s e d i m e n t a t i o n  c o n d i t i o n s  t h a t  t h e  a r e a  has been f o r m a l l y  
adopted as  a  C r i t i c a l  Dra inage  Area b y  r u l e  under  t h e  procedures s p e c i f i e d  
i n  K.C.C. 2.98. T h i s  d e s i g n a t i o n  i s  based on t h e  o b s e r v a t i o n  o r  p r e d i c -  
t i o n ,  u s i n g  s tanda rd  h y d r o l o g i c a l  methods, o f  one o r  more o f  t h e  f o l l o w i n g  
concerns and t h e  need f o r  more s p e c i f i c  r e g u l a t i o n s  than  t h e  Countywide 
s tandards  i n  o r d e r  t o  m i t i g a t e  t h e  impac ts  o f  proposed developments. 

5.2.1 F l o o d i n g  Concerns: 

5.2.1.1 F i r s t - f l o o r  f l o o d i n g  o f  a  r e s i d e n t i a l  o r  comnerc ia l  
s t r u c t u r e  occurs  o r  i s  p r e d i c t e d  t o  occu r  more f r e q u e n t l y  
than  once eve ry  t e n  y e a r s ;  a n d l o r  

5.2.1.2 F l o o d i n g  o f  an a r t e r i a l  r oad  o r  o v e r  one f o o t  o f  f l o o d i n g  
on a  r e s i d e n t i a l  o r  comne rc i a l  access road  occurs  o r  i s  
p r e d i c t e d  t o  occu r  more f r e q u e n t l y  t h a n  once every  t e n  
years .  

5.2.2 E r o s i o n / s e d i m e n t a t i o n  Concerns: 

5.2.2.1 E r o s i o n l s e d i m e n t a t i o n  has caused o r  i s  p r e d i c t e d  t o  cause a 
b lockage  o r  wash-out o f  an a r t e r i a l  road,  r e s i d e n t i a l  o r  
comnerc ia l  access road ;  

5.2.2.2 E r o s i o n / s e d i m e n t a t i o n  has caused o r  i s  p red . i c ted  t o  cause 
f l o o d i n g  o r  d i sp l acemen t  o f  a  r e s i d e n t i a l  o r  comnerc ia l  
s t r u c t u r e  by  way o f  a  l a n d s l i d e  a n d l o r  debr i .s  f l o w ;  a n d l o r  

5.2.2.3 E r o s i o n l s e d i m e n t a t i o n  has caused o r  i s  p r e d i c t e d  t o  cause 
s i g n i  f i  c a n t  h a b i t a t  damage. 

5 . 3  "Des ign s t o r m  e v e n t "  means a  r a i n f a l l  ( o r  o t h e r  p r e c i p i t a t i o n )  even t  o r  
p a t t e r n  o f  even t s  f o r  use i n  a n a l y z i n g  and d e s i g n i n g  d ra i nage  f a c i l i t ' i e s .  

5 . 4  " D e t e n t i o n N  means r e l e a s e  o f  s u r f a c e  and s t o r m  w a t e r  r u n o f f  f r om  t h e  s i t e  
a t  a  s l owe r  r a t e  t han  i t  i s  c o l l e c t e d  by  t h e  d r a i n a g e  f a c i l i t y  system, t h e  
d i f f e r e n c e  b e i n g  h e l d  i n  temporary  s t o rage .  

5.5 "Development" means any a c t i v i t y  t h a t  r e q u i r e s  a  p e r m i t ,  I n c l u d e d  b u t  n o t  
l i m i t e d  t o  a  b u i l d i n g  p e r m i t ,  a  g r a d i n g  p e r m i t ,  a  s h o r e l i n e  s u b s t a n t i a l  
deve lopment  p e r m i t ,  a c o n d i t i o n a l  use p e r m i t ,  an u n c l a s s i f i e d  use p e r m i t ,  a  
v a r i a n c e ,  a  zone r e c l a s s i f i c a t i o n ,  a  p lanned  u n i t  development,  a  sub- 
d i v i s i o n ,  a  s h o r t  s u b d i v i s i o n ,  a  mas te r  p l a n  development ,  a  b u i l d i n g  s i t e  
p l a n ,  o r  a  r i g h t - o f - w a y  use p e r m i t .  
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5.6 " D r a i n a g e U , r e f e r s  t o  t h e  c o l l e c t i o n ,  conveyance, con ta inment ,  a n d l o r  
d i  schavge o f  s u r f a c e  and s to rm  w a t e r  r u n o f f .  

P 

5.7 "Dra inage  channel  " means a  d r a i n a g e  'pathway w i t h  we1 1  - d e f i n e d  bed and banks 
i n d i c a t i n g  f r e q u e n t  conveyance o f '  s u r f a c e  and s t o r m  w a t e r  runo f f .  

5.8 ' " ~ r a i n a ~ e  f a c i  1  i t y "  means t h e  system o f  c o l  l e c t i n g ,  convey ing and s t o r i n g  
s u r f a c e  and s to rm  w a t e r ' r u n o f f . .  D ra i nage  f a c i l i t i e s  s h a l l  i n c l u d e  b u t  n o t  
be l i m i t e d  t o  a l l  s u r f a c e  and s to rm  w a t e r  r u n o f f  conveyance and con ta inment  
f a c i l i t i e s  w i t h i n  t h e  d ra i nage  a rea  i n c l u d i n g  s t reams,  p i p e l i n e s ,  channe ls ,  
d i t c h e s ,  swamps, l a k e s ,  we t l ands ,  c l o s e d  dep ress i ons ,  i n f i l t r a t i o n  f a c i l i -  
t i e s ,  r e t e n t i o n l d e t e n t i o n  f a c i l i t . i e s  and o t h e r  d r a i n a g e  s t r u c t u r e s  and 
appur tenances, .  b o t h  n a t u r a l  and.manmade. 

5..9 "Dra inage  r e v i e w "  means an e v a l u a t i o n  b y  B u i l d i n g  and Land Development 
D i v i s i o n  s t a f f  o f  a  proposed p r o j e c t ' s  compl i a n c e  w i t h  t h e  d ra i nage  
requ i r emen ts  i n  t h e  Su r f ace  Water Des ign  Manual. 

5.10 " E r o s i o n "  means detachment o f  s o i l '  o r  r o c k  f ragments  b y  wa te r ,  w ind ,  i c e ,  
and g r a v i t y .  t .: 

5.11 H E r o s i o n / s e d i m e n t a t i o n  c o n t r o l  f a c i l i t y "  means a  t y p e  o f  d ra i nage  f a c i l i t y  
des igned  t o  h o l d  w a t e r  f o r  a  p e r i o d  o f  t i m e  t o  a l l o w  sediment c o n t a i n e d  i r  
t h e  s u r f a c e  and s t o r m  w a t e r  r u n o f f  d i r e c t e d  t o  t h e  f a c i l i t y  t o  s e t t l e 3 . 0 u t  
so as t o  improve  t h e  q u a l i t y  o f  t h e  r u n o f f .  

L 1 

5.12 l l Imperv ious s u r f a c e "  means a  h a r d  s u r f a c e  a r e a  wh i ch  e i t h e r  p r e v e n t s  o:r' 
r e t a r d s  t h e  e n t r y  o f  wa te r  i n t o  t h e  s o i l  m a n t l e  as  under  n a t u r a l  condi;tions 
p r i o r  t o  development ,  a n d l o r  a  h a r d  s u r f a c e  a r e a  wh i ch  causes w a t e r  to' r u n  
o f f  t h e  s u r f a c e  i n  g r e a t e r  q u a n t i t i e s  o r  a t  an  i n c r e a s e d  r a t e  o f  f l o w  f r om 
t h e  f l o w  p r e s e n t  under  n a t u r a l  c o n d i t i o n s  p r i o r  t o  development. Comnon 
impe rv i ous  sur faces  i n c l u d e ,  b u t  a r e  n o t  l i m i t e d  t o ,  r o o f  t ops ,  walkways, 
p a t i o s ,  d r i veways ,  p a r k i n g  l o t s  o r  s t o r a s e  a reas ,  c o n c r e t e  o r  a s p h a l t  
pav i ng ,  g r a v e l  roads ,  packed e a r t h e n  m a t e r l a l s , , a n d  o i l e d ,  macadam o r  . o t h e r  
s u r f a c e s  wh i ch  s i m i l a r l y  impede t h e  n a t u r a l  i n f i l t r a t i o n  o f  s u r f a c e  an-d-, 
s t o r m  w a t e r  r u n o f f .  Open, uncovered r e t e n t i o n l d e t e n t i o n  f a c i l i t i e s  s h a l l  
n o t  be c o n s i d e r e d  as imperv ious  s u r f a c e s  f o r  t h e  purposes o f  t h i s  P u b l i c  
Rule .  

5.13 " ~ a n a ~ e c "  means t h e  Manager o f  B u i l d i n g  and Land Development D i v i s i o n  'of. 
t h e  K i n g  County  Department o f .  Parks ,  P l a n n i n g ,  and Resources o r  h i s  , ' '  

des ignee.  

5.14 "On-si  t e l l  means t h e  e n t i r e  p i o p e r t y  t h a t  i n c l u d e s  t h e  proposed develo$me,nt. 
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5.15 " P r e d i c t i o n "  means an  expec ted  outcome based on t h e  r e s u l t s  o f  h y d r o l o g i c  
mode l i ng  a n d l o r  t h e  judgment o f  a t r a i n e d  p r o f e s s i o n a l  eng inee r  o r  geo lo -  
g i s t .  

5.16 " P r o f e s s i o n a l  C i v i l  .Engineeru means a  person  r e g i s t e r e d  w i t h  t h e  S t a t e  o f  
Washington as a  p r o f e s s i o n a l  e n g i n e e r  i n  c i v i l  eng ineer ing. ,  

5.17 "Release r a t e "  means t h e  computed peak r a t e  o f  s u r f a c e  and s t o r m  wa te r  
r u n o f f  f o r  a  p a r t i c u l a r  de,sign s t o r m  even t  and d r a i n a g e  a rea  c o n d i t i o n s .  

5.18 " R e t e n t i o n l d e t e n t i o n  f a c i l i t y "  means a t ype  o f  d r a i n a g e  f a c i l i t y  des igned  
e i t h e r  t o  h o l d  w a t e r  f o r  a c o n s i d e r a b l e  l e n g t h  o f  t i m e  and t h e n  r e l e a s e  i t  
b y  evapo ra t i on ,  p l a n t  t r a n s p i r a t i o n  a n d l o r  i n f i l t r a t i o n  i n t o  t h e  ground;  o r  
t o  h o l d  su r f ace  and s to rm  w a t e r  r u n o f f  f o r  a  s h o r t  p e r i o d  o f  t i m e  and then 
r e l e a s e  i t  t o  t h e  n a t u r a l  wa te rcourse .  

5.19 "SCSU means S o i l  C o n s e r v a t i o n  S e r v i c e ,  U.S. Department o f  A g r i c u l t u r e .  

5.20 "SCS Methodu means a  h y d r o l o g i c  a n a l y s i s  based on t h e  "Curve NumberN method 
( N a t i o n a l  Eng inee r i ng  Handbook - S e c t i o n  4: Hydro logy ,  August ,  1972) and 
u s i n g  any accep tab le  a n a l y t i c a l  t echno logy  as d e l  i n e a t e d  i n  t h e  
K i n g  County Su r f ace  Water Des ign  Manual. 

5.21 "Sed imenta t ion"  means t h e  d e p o s i t i n g  o r  f o r m a t i o n  o f  sediment.  

5.22 " S i t e H  means t h e  p o r t i o n  o f  a  p i e c e  o f  p r o p e r t y  t h a t  i s  d i r e c t l y  s u b j e c t  t o  
development.  

5.23 "Su r f ace  and s to rm  w a t e r  r u n o f f "  means wa te r  o r i g i n a t i n g  f r o m  r a i n f a l l  and 
a t h e r  p r e c i p i t a t i o n  t h a t  i s  found  i n  d ra i nage  f a c i l i t i e s ,  r i v e r s ,  s t reams,  
s p r i n g s ,  seeps, ponds, l a k e s  and we t l ands  as w e l l  as s h a l l o w  ground wate r .  

5.24 "Su r f ace  Water Des ign  Manual"  means t h e  manual (and s u p p o r t i n g  documents as 
a p p r o p r i a t e )  d e s c r i b i n g  s u r f a c e  and s to rm  wa te r  r u n o f f  a n a l y s i s  and des ign  
requ i rements ,  p rocedures  and gu idance  wh ich  i s  f o r m a l l y  adopted b y  r u l e  
under  t h e  p rocedures  s p e , c i f i e d '  i n  K.C.C. 2.98. The Su r f ace  Water Des ign 
Manual i s  a v a i l a b l e  f r o m  t h e  BALD p e r m i t  c e n t e r .  

6.0. POLICIES 

6 .1  Those p o r t i o n s  o f  t h e  No r thsho re  d r a i n a g e  b a s i n  i d e n t i f i e d  i n  t h e  C r i t i c a l  
Dra inage  Area map a t  t h e  BALD p e r m i t  c e n t e r  and g e n e r a l l y  i n d i c a t e d  i n  the  
map i n  Appendix 9.1 o f  t h i s  P u b l i c  Ru le  a r e  hereby  d e s i g n a t e d  as a  C r i t i c a l  
Dra inage  Area because: 

6.1.'1 E r o s i o n / s e d i m e n t a t i o n  has caused and i s  p r e d i c t e d  t o  cause a  
b lockage  o r  washout o f  an . a r t e r i a l  road  (Concern 5.2.2.1 o f  t h i s  
P u b l i c  R u l e ) ,  

(M18:PPR.l) 
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6.1.2 E r o s i o n l s e d l m e n t a t l o n  has caused o r  i s  p r e d i c t e d  t o  cause f l o o d i n g  
o f  a  . r e s i d e n t i a l  o r  comnerc ia l  s t r u c t u r e  (Concern 5.2.2.2 o f  t h i s  
P u b l i c  R u l e ) ,  and 

6.1.3 E r o s i o n / s e d i m e n t a t i o n  has caused o r  i s  p r e d i c t e d  t o  cause 
s i g n i f i c a n t  hab i t a t - damdge  (Concern 5.2.2.3 o f  t h i s  P u b l i c  R u l e ) .  

6.2 A p p l i c a t i o n s  f o r  development  p r o p o s a l s  w i t h i n  t h i s  C r i t i c a l  Drainag,e Area 
may be exempt f r om  t h e  more s t r i n g e n t  C r i t i c a l  Dra inage  Area requ i rements  
if t h e y  demons t ra te  t o  t h e  s a t i s f a c t i o n  o f  t h e  Manager t h a t  : 

6.2.1 The C r i t i c a l  Drai ,nage Area mapp.ing o f  t h e  p roposed  development a rea  
i s  i n  e r r o r  because o n - s i t e  sur fa .ce and s to rm  w a t e r  r u n o f f  d ra i nage  
does n o t  i . n , , f a c t  d r a i n  i n t o  t h e  e r o d i b l e  d r a i n a g e  b a s i n s  mapped i n  
Appendix  9.1 as p a r t  o f  t h e  No r thsho re  C o r n u n i t y  P l a n n i n g  Area; o r  

6.2.2 The proposed development w i l l  add l e s s  t han  5,000 square f e e t  o;f 
impe rv i ous  s u r f a c e  t o  a  s i n g 1  e  d w e l l  i n g  1  o t  and c l  ea-r 1  es.s than' one- 
h a l f  a c r e  o f  e x i s t i n g  n a t i v e  v e g e t a t i o n .  

6.3 De'velopment p r o p o s a l s  i n  t h i s  C r i t i c a l  Dra inage  Area must  be submi t t e d  w l  t h  
a  d r a i n a g e  p l a n  p repa red  by  at p r o f e ' s s l o n a l  c i v i  1  e n g i n e e r  t h a t . m e e t s  ea,ch 
o f  t h e  f o l  1  owing cond l  t l o n s  (6.3.1 t o  6.3,.6) u n l e s s  t h e  c o n d i t i o n s  id'$n,ti- 
f i e d  i n  P o l i c y  6.2 a r e  documented , . t o  t h e  s a t i s f a c t i o n  o f  t h e  Manager. 

. . 

6.3.1 The proposed s t o m a t e r  f a c l  l i t i e s  must  meet one o f  t h e  f o l  l ow i i i g  
t h r e e '  s tandards :  

6.3.1.1 Su r f ace  a n d . s t o r m  w a t e r  r u n o f f  d e t e n t i o n  s h a l l  be computed 
u s i n g  a SCS-based hydrograph  method ( o r  o t h e r  method as ; 
subsequen t l y  approved by  K i n g  County) .  The 'pe r fo rmance  o f  
proposed d e t e n t i o n  f a c i  1  i t i e s  s h a l l  be such t h a t  d i s c h a r g e  
f r om t h e  deve loped  a rea  s h a l l  be no more t h a n  seven ty  p e r -  

. . ' c e n t  o f '  t h e  pre-de'v.elopment two-year l24, -hour  : re lease , r a t e %  ., . , 
. ' . f o r  d e s i g n  s to rm  even ts  up t o  and i n c l u d i n g  t h e  . 

100-year l24-hour .  d e s i g n  s t o r m . e v e n t ;  
' . OR 

6.3.1.2 D i scha rge  f r o m  the  developed s i t e  s h a l l  . n o t  exceed . . 

pre-de'velopment f l o w  peaks and f l o w  d u r a t i o n s  f o r  a1 1  dis.- 
charges g r e a t e r  t han  o r  equal  t'o o n e - h a l f  o f  t h e  t w o - y e a r .  
pre-development  d i s c h a r g e ,  as de te rm ined  b y  h y d r o l o g i c  a n a l -  
y s i s  u s i n g  a  con t i nuous  h y d r o 1 o g . i ~  model such ,as  t h e  . "  

H y d r o l o g i c  .S . imu la t ion  Program - F o r t r a n  (HSPF) ; 
0  R 

6.3.1:3. ~i scharge s h a l l  be c z v e y e d  v i a ,  a  c o n t i n u o u s  welded s to rm  ,, 

p i p e  t o  a  s u i t a b l y  s t a b i  1 i z e d  r e l e a s e  p o i n t ,  w i t h  adequa fe  
,energy d i s s i p a t i o n ,  be low t h e , a r e a  o f  severe  e r o s i o n  
p o t e n t i a l .  - ,  

i 
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6.3.2 The volume o f  a l l  f a c i l i t i e s  des igned  t o  t h i s  s t anda rd  must be' 
s u f f i c i e n t  t o  c o n t a i n  t h e  100-year l24 -hour  s t o rm  event.  

6.3.3 A  d r a i n a g e  c o n t r o l  system, as approved b y  BALD, s h a l l  be i n s t a l l e d  
p r i o r  t o  any u n r e l a t e d  l a n d  c l e a r i n g ,  v e g e t a t i o n  removal ,  s i t e -  
g r a d i n g ,  r oad  c o n s t r u c t i o n  o r  u t i l i t y  i n s t a l l a t i o n .  On ly  those  
a c t i v i t i e s  a s s o c i a t e d  w i t h  pre-development  e x p l o r a t i o n ,  such as 
s u r v e y i n g  and per formance s o i l  t e s t s  and l i m i t e d  c l e a r i n g  and 
g r a d i n g  a s s o c i a t e d  w i t h  c o n s t r u c t i o n  o f  d r a i n a g e  f a c i l i t i e s ,  w i l l  be 
p e r m i t t e d  p r i o r  t o  c o n s t r u c t i o n  o f  t h e  d r a i n a g e  c o n t r o l  system. 

6.3.4 I n  t hose  s i t u a t i o n s  where f e a t u r e s  o f  t h e  d r a i n a g e  system o r  
subsequent  development make i n s t a l l a t i o n  o f  t h e  f i n a l  d ra i nage  
system i m p o s s i b l e ,  a  phased d r a i n a g e  c o n t r o l  p l a n  s h a l l  be 
developed.  T h i s  phased p l a n  s h a l l  p r o v i d e  t h e  l e v e l  o f  
r e t e n t i o n l d e t e n t i o n  s e t  f o r t h  i n  t h e  a p p l i c a b l e  d e t e n t i o n  s tandard  
f o r  t h e  e n t i r e  s i t e  a t  a l l  t imes .  

6.3.5 F o r  purposes o f  t h e  computa t ion  r e q u i r e d  i n  P o l i c y  6.3.1, 
pre-development  c o n d i t i o n s  w i l l  be assumed t o  be  t o t a l l y  f o r e s t e d  
and devel 'oped cond l  t i ~ n s  w i  11 assume 100 p e r c e n t  . removal  o f  f o r e s t  
canopy w i t h i n  t h e  a r e a  of t h e  development  ( u n l e s s  e x p r e s s l y  p r o h i b -  
i t e d  b y  r eco rded  easement o r  r e s t r i c t i o n )  as w e l l  as e x i s t i n g ,  
proposed,  and a n t i c i p a t e d  impe rv i ous  su r f aces .  D e t e n t i o n  f a c i l i t i e s  
must  be l o c a t e d  t o  accomnodate s u r f a c e  and s to rm  wa te r  r u n o f f  f r om  
a l l  a reas  o f  p lanned  o r  p o t e n t i a l  c l e a r i n g  a n d l o r  c o n s t r u c t i o n .  

6.3.6 P o i n t  d i s c h a r g e  f r o m  d e t e n t i o n  systems w i l l  be o n l y  i n t o  d ra i nage  
channe ls  t h a t  p r e v i o u s l y  conveyed s u r f a c e  and s t o n  wa te r  r u n o f f  i n  
t h e  pre-development  s t a t e .  No p o i n t  o r  d i s p e r s e d  d i scha rge  s h a l l  be 
p e r m i t t e d  o n t o  o r  upst ream o f  s t eep  s l opes  where e r o d i b l e  g r a n u l a r  
d e p o s i t s  l i e  anywhere downstream o f  t h a t  d i s cha rge .  

6.4 I f  any p o r t i o n  o f  t h i s  P u b l i c  Ru le  o r  i t s  a p p l i c a t i o n  t o  any person  o r  
p r o p e r t y  i s  h e l d  i n v a l i d ,  t h e  remainder  o f  t h i s  P u b l i c  Ru le  o r  t h e  
a p p l i c a t i o n  o f  t h e  p r o v i s i o n  t o  o t h e r  persons  o r  p r o p e r t y  s h a l l  n o t  be 
a f f e c t e d .  

6.5 T h i s  P .ub l i c  Ru le  i s e x e m p t  from t h e  r u l e  o f  s t r i c t  c o n s t r u c t i o n  and s h a l l  
be l i b e r a l l y  c o n s t r u e d  t o  g i v e  f u l l  e f f e c t  t o  t h e  o b j e c t i v e s  and purposes 
f o r  wh i ch  i t  was adopted. 
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7.0 GENERAL PROCEDURES 

R e s p o n s i b i l i t y  A c t i o n  

BALD 7.1. I d e n t j f i e s  t h a t  t h e  proposed development i s  i n  a  
C r i t i c a l  Dra lnage  .Area. 

BALD 7.2 i n fo rms  a p p l i c a n t  t h a t  t h e  proposed development i s  
i n  a  C r i t i c a l  Dra inage  Area. 

Appl i c a n t  7.3 Submits a d d i t i o n a l  a p p l i c a t l o n  i n f o r m a t i o n  wh ich  
e l  t h e r :  

7.3.1 Demonstrates t h a t  t h e  a p p l i c a t i o n  q u a l i f i e s  
f o r  t h e  exempt ion I n  P o l i c y  6.2; o r  

7.3.2 Compl ies w i t h  P o l i c y  6.3. 

BALD 7.4 Revlews t h e  m a t e r i a l s  s u b m i t t e d  I n  s tep  7.3 and 
. de te im ines  i f  i t  compl ies  w i t h  t h i s  C r i t i c a l  . 
Dra inage.  Area Pub.1 i c  Rule.  

I I 

7.4.1 .Re tu rns  inadequate  m a t e r i a l  t o  t h e  a p p l i c a n t  
w i t h  s p e c i f i c  i n s t r t j c t l o n s  t o  comply wi,.th. 
s t e p  7.3. .. . 

7.4.2 Forwards adequate app l  i c a t i o n  t o  be ' i  . 
processed a c c o r d i n g  t o  t he  e s t a b l i s h e d  " 
rev iew  process.  

8.0 RESPONSIBILITIES 

8 .1  The Su r face  Water Management D i v i s i o n  i s  r e s p o n s i b l e  f o r :  

8.1.1 Amending t h i s  ~ r i  t i c a l :  Dra inage A r e a  Publ  i c  Ru le  i f  requirements!  o f  
t h i s  Cri t i c a l  Dra inage Area Publ i c  Ru le  w a r r a n t  a1 t e r a t i o n .  
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8.2 The B u i l d i n g  and Land Development D i v i s i o n  i s  r e s p o n s i b l e  f o r :  

8.2.1 I d e n t i f y i n g  each development a p p l  i c a t i o n  wh ich  i s  w i t h i n  a C r i t i c a l  
D ra i nage  Area. 

8.2.2 D e t e r m i n i n g  i f  t h e  m a t e r i a l  s u b m i t t e d  by  t h e  a p p l i c a n t  compl ies  w i t h  
e i t h e r  P o l i c y  6.2 o r  P o l i c y  6.3 o f  t h i s  P u b l i c  Rule.  

8.3 The a p p l i c a n t  i s  r e s p o n s i b l e ,  a t  a  minimum, f o r :  

8.3.1 Demons t ra t i ng  t h a t  t h e  a rea  o f  t h e  proposed development comp l ies  
w i t h  ' P o l i c y  6.2 o r  w i t h  t h e  r equ i r emen ts  i n  P o l i c y  6.3 o f  t h i s  
P u b l i c  Rule .  
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9. o APPENDICES . . .  

9.1 Map o f  t h e  Nor thshore C r i t i c a l  Dra inage Area. More p r e c i s e  borders  o f  t h i s  
C r i t i c a l  Drainage Area a r e  i n d i c a t e d  on the  C r i t i c a l  Drainage Area map a t  
t h e  BALD p e r m i t  cen ter .  

(M18': PPR. 1)  
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MAP OF THE NORTHSHORE CRIT ICAL  DRAINAGE AREA 

( M I S :  P P R .  1) 
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1.0 SUBJFCT TITI&: MAY CREEK C r i t i c a l  Drainage Area 

1.1. EFFECTIVE DATE: T h i r t y  days a f t e r  f i l i n g  w i t h  t he  C le rk  o f  t h e  King County 
Council . 

1.2 TYPE OF ACTION: Th is  i s  a new.Publ ic  Rule. 

1.3 KEY WORDS: (1) C r i t i c a l  Drainage Area Designation; (2) Drainage Problem; 
(3) Development Res t r i c t i on ;  (4) May Creek; (5) Coal Creek/Newport Hi  11 s; 
(6) Newcastl e 'Community P l  an 

2.0 PURPOSE: To designate the  May Creek C r i t i c a l  Drainage Area and t o  es tab l i sh  a 
standard procedure f o r  rev iewing app l i ca t ions  f o r  development w i t h i n  t h i s  
C r i t i c a l  Drainage Area i n  order t o  preserve t he  heal th,  sa fe ty  and wel fare  o f  the 
general pub1 i c. 

3.0 ORGANIZATIONS AFFECTED: 

3.1 Landowners and res iden ts  o f  the  May Creek C r i t i c a l  Drainage Area 

3.2 Devel opers 

3.3 Department o f  Development and Environmental Services 

3.4 Department o f  Parks, PI anning and Resources 

3.5 Department o f  Publ i c  Works: Surface Water Management D i v i s i on ,  Roads and 
Engineering D iv i s ion ,  Sol i d  Waste D i v i s i o n  

4.0 PEFFRENCES: King County Charter  sec t ion  850; King County Code 2.16.040.8.4.g; 
,King County Code 9.04, King County Code 2.98; King County Code 21.54; Surface 
Water Desian Manual. 

5.0 PEFINITIONS: I n  add i t i on  t o  t he  d e f i n i t i o n s  l i s t e d  i n  Sect ion 5 o f  t h i s  Pub l ic  
Rule, a l l  d e f i n i t i o n s  inc luded i n  t he  K ina Countv Surface Water Desian Manual are 
hereby adopted by reference. 

3 
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"Critical Drainage Arean means an, area with such severe. flooding, drainage 
and/or erosion/sedimentation . conditions that the area has been formally . 
adopted as a Critical Drainage Area by rule under the procedures specified 
in K.C.C. 2.98. This designation .is based on the observation or predic- 
tion, using standard hydrological methods, of one or more .of the following 
concerns. and the need for more speci f i c regulations than' the Countywi de 
standards in order to mitigate the impacts of projects. 

5.1.1 Fl oodi ng Concerns : ' 

5.1. I. 1 First-floor flooding of a residential or commercial 
str.ucture occurs or is predicted to occur more frequentl'y 
than once every. ten years; and/or 
. . . . 

5.1.1.2 Flooding of an arterial road o r  over one foot of flooding 
on a residential or commercial access road occurs or is 
predicted to occur more frequently than once every ten 
years. 

5.1.2 Erosion/sedimentation Concerns: 

5.1.2.1 ~rosion/sedimentation has caused o r  is predicted to cause i ,. 
1 

blockage or wash-out of an arterial road, residential or 
commerci a1 access road; 

5.1.2.2 Erosion/sedimentation has caused or is predicted to cause 
flooding or displacement of a residential or commercial 
.structure by way of a 1 andsl ide andlor debris flow; and/or 

5.1.2.3 Erosion/sedimentation has' caused or is predicted to cause 
significant habi,tat damage. 

5.2. "DDES" means the Department of Devel opment and Environmental Services. 

5.3 "Design storm event' means a rainfall (or other precipitation) event or 
pattern of events for use in analyzing and designing drainage facil i ties. 

.5.4 "~irector". means the Director of the Department of Devel opment and 
Environmental Services or the Director's designee. 

5.5 "Drainage control system" means a temporary drainage system which provides 
the level of retentionldetention specified in Policy 6.4 for the entire 
site at all times during construction. 

5.6 "Drainage plan" means a. plan for receiving, tra,nsporting and discharging 
surface' and storm water runoff as specified in . . the Surface Water Desicrn 
Manual. 
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5.7 "Infil trationn means the hydrologic process of surface and storm water 
runoff soaking into the ground and is commonly referred to as percolation. 

5.8 "On-siten means the entire property that includes the project. 

5.9 "Surface and storm water runoff" means water originating from rainfall and 
other precipitation that is found in drainage facil i ties, rivers, streams, 
springs, seeps, ponds, lakes and wet1 ands as well as shallow ground water. 

5.10 "Surface Water Desiqn Manual" means the manual (and supporting documents as 
appropri ate) describing surface and storm water runoff analysi s and design 
requirements, procedures and guidance which is formally adopted by rule 
under the. procedures specified in K. C .C. 2.98. The Surface Water Desi un 
Manual is available from the DDES permit center. 

6.0 POLICIES 

6.1 The. MacDonald Creek drainage basin, generally identified on the Critical 
Drainage Area map at the ,DDES permit center and the map (Appendix 9.1) of 
this Publ ic Rule, is hereby designated as a Critical Drainage Area because: 

6.1.1 First-floor flooding of a residential or commercial structure occurs 
or is predicted to occur more frequently than once every ten years 
(Concern 5.1.1.1 of this Public Rule). 

6.1.2 Flooding of an arterial road or over one foot of flooding on a 
residenti a1 or comrnerci a1 ' access road occurs or is predicted to 
occur more frequently than once every ten years (Concern 5.1.1.2 of 
this Public Rule). 

6.1.3 Erosi on/sedimentati on has caused, or is predicted to cause a blockage 
or wash-out of an arterial road, ' residential or .commerci a1 access 
road (Concern 5.1.2.1 of this Public Rule). 

6.1.4 Erosion/sedimentation has caused or is predicted to cause flooding 
or displacement of a residential or commercial structure by way of a 
1 andsl ide and/or debris flow (Concern 5.1.2.2 of this Publ ic Rule) . 

6.1.5 Erosion/sedimentation ha,s caused or is predicted to cause signifi.- 
cant habitat damage (Concern 5.1.2.3 of this Publ ic Rule). 

6.2 The'standards specified in Policy 6.4 of this Public Rule apply to all 
development proposals which require drainage review as specified in th,e 
Kins County Surface Water Desi~n Manual. Unless otherwise specified in 

1 ttii s Publ ic Rule, a1 1 Surface Water Desiqn, Manual thresholds apply. 
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6.3 Development proposals w i t h i n  t h i s  C r i t i c a l  Drainage Area may be exempt from 
these C r i t i c a l  Drainage Area requirements i f  they demonstrate t o  t he  sa t i s -  
fac t ion  o f  the  D i rec to r  t h a t  on-s i te  surface and storm water r u n o f f  dra in-  
age does no t  i n  fac t  d r a i n  i n t o  the  bas in  mapped i n  Appendix 9.1 o f  t h i s  
Pub l i c  Rule. , . . 

6.3.1 Development proposals w i t h i n  t h i s  C r i t i c a l  Drainage Area are exempt 
from the standards spec i f i ed  i n  Pol i c y  6.4 i f  t h e .  p r o j e c t  w i l l  add 
l e s s  than 5,000 square f e e t  o f  impervious surface t o  a l o t  i n tended  . . 

. f o r  s ingl 'e- fami ly r e s i d e n t i a l  use. 

6.4 Engineering plans f o r  p ro j ec t s  located w i t h i n  t h i s  C r i t i c a l  Drainage Area 
must meet the f o l l ow ing  condiqions, unless the  cond i t i ons  i d e n t i f i e d  i n  
Pol i c y  6,.2 are documented t o  the  s a t i s f a c t i o n  o f  the  D i rec to r .  

'6.4.1 The proposed storm water f a c i l i t i e s  must meet one o f  the f o l l ow ing  
standards : . - .  , 

6.4.1.1 Surface and storm water r u n o f f  de ten t ion  s h a l l  be computed 
using an SCS-based hydrograph method (o r  o ther  method' as 
subsequently approved by King County). The performance o f  1 
proposed detent ion f a c i l i t i e s  sha l l  be such t h a t  discharge * 

from the  developed area s h a l l  be no more than one-half, 
(50 percent) o f  the  pre-development two-year/24-hour . 

re lease r a t e  f o r  design storm events up t o  and inc ludbngr  
the two-year/24-hour design storm event, t he  pre- 
development two-year/24-hour re1  ease r a t e  f o r  a1 1 design 
storm events up t o  and i nc l ud ing  the  ten-year/24-hour?, . 
design storm event and the  pre-development ten-year/24:hdur 
re lease r a t e  f o r  a l l  design storm events up t o  and indl'ud- 
i n g  the 100-year/24-hour design storm event. The storage 
volume so ca lcu la ted  s h a l l  be increased by a sa fe t y  f ~ c t o r  
o f  30 percent as requ i red  by t he  King County Surface Water 
Desisn Manual ; 

6.4.1.2 As determined by hydro log ic  ana lys is  us ing a continuous ' 

hydro1 og i  c model such as t he  Hydro1 og i  c Simul a t  i on prodram 
- For t ran (NSPF), post-development f l o w  durat ions s h a l l  not  , 

exceed pre-devel opment f l o w .  d u r a t i  ops f o r  a1 1 f lows greater  
than one-half (50 percent) of the  two-ye& event and . less 
than the 50-year event. . I n  add i t ion,  the  100-year post- 
devel opment peak f l  ow r a t e  s h a l l  no t  exceed  re-devel opment 
1 eve1 s. , I  . - 1  , \  ,:: 

' .  
IF; !, -. 

6.,4.2  he detent ion standards i n  6.4.1' w i l l  terminate upon adoption pf thL 
May. ,Creek Bas i n Pl  an. ,, . 

.1, 
.d . . . 

,$J. !< . ,  

(E/bD:PRRZ) ' 
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6.5 A  drainage con t ro l  system, as' approved by the Department o f  Development and 
Environmental Services, or, i n  the case o f  pub1 i .c works f a c i l i t i e s ,  as 
approved by the Surface Water Management Div is ion,  sha l l  be i n s t a l l e d  p r i o r  
t o  any land c lear ing,  vegetat ion removal, s i t e  grading, road construct ion,  
o r  u t i l i t y  i n s t a l l a t i o n ,  except t h a t  those. a c t i v i t i e s  associated w i t h  pre- 
development explorat ion,  such as surveying and performing so i  1  tes ts ,  and 
l i m i t e d  c lea r ing  and grading associated w i t h  const ruct ion o f  drainage 
f a c i l i t i e s ,  w i l l  be permi t ted p r i o r  t o  const ruct ion o f  the drainage con t ro l  
system. 

6.6 I n  those s i t ua t i ons  where . features o f  the f i n a l  drainage system o r  
subsequent development make i n s t a l l a t i o n  o f  the  f i n a l  drainage system 
impossible, a  phased drainage con t ro l  p lan sha l l  be developed. This phased 
p lan sha l l  provide the l e v e l  o f  re ten t ion lde ten t ion  se t  f o r t h  i n  the appl i- 
cab1.e detent ion standard f o r  the e n t i r e  s i t e  a t  a l l  times. 

6.7 Poin t  discharge from detent ion systems sha l l  be on ly  i n t o  drainage channels 
t h a t  prev ious ly  conveyed surface and storm water r u n o f f  i n  the pre- 
development' s ta te .  No p o i n t  o r  dispersed discharge sha l l  be permi t ted onto 

b 
o r  upstream o f  steep slopes where e rod ib le  granul a r  deposi ts 1  i e anywhere 
downstream o f  t h a t  discharge. 

6.8 A l l  commercial, subdiv is ion,  and shor t  p l a t  permits f o r  p ro j ec t s  located on 
r u r a l  zoned lands w i t h i n  t h i s  C r i t i c a l  Drainage Area must impose a  c l ea r i ng  

. l i m i t a t i o n  f o r  hydrologic,  erosion, and water q u a l i t y  con t ro l  such t h a t  a  
maximum o f  35 percent o f  the  t o t a l  p r o j e c t  area may be c leared and a  min i -  
mum o f  65 percent o f  the t o t a l  p ro j ec t  area must be re ta ined  i n  e x i s t i n g  
vegetat ive  cover. These c l ea r i ng  1  im i t a t i ons  w i  11 terminate upon adoption 
o f  the May Creek Basin ' , P l  an. 

. 6.9 The clearin'g r e s t r i c t i o n s  i n  Pol i c y  6.8 may be waived by the D i rec to r  t o  
provide f o r  needed pub l i c  serv ices and f a c i l i t i e s  t o  accommodate growth. 
I n  such instances, on-s i te  detent ion must be provided i n  accordance w i t h  
the standards spec i f i ed  i n  Po l i c i es  6.4.1.1 o r  6.4.1.2 

6.10 I f  any po r t i on  o f  t h i s  Publ ic  Rule o r  i t s  app l i ca t ion  t o  any person o r  
proper ty  i s  he ld  i n v a l i d ,  the remainder o f  t h i s  Publ i c  Rule o r  the appl ica-  
t i o n  o f  the p rov is ion  t o  o ther  persons o r  property. sha l l  no t  be af fected.  

6.11 This Publ ic  Rule i s  exempt from the r u l e  o f  s t r i c t  const ruct ion and sha l l  
be 1  i bera l  l y  construed t o  g i ve  f u l l  e f f e c t  t o  the ob jec t i ves  and purposes 
f o r  which i t  was adopted. 
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7.0 GENERAL PROCEDURES 

p e s ~ o n s i  b i l  i t v  @ c t i o ~ '  

DDES 7.1 ~ d e n t i f i e s  t h a t '  t he  p r o j e c t  i s  i n  a C r i t i c a l  Drainage Area. 

. . DDES 7.2 Informs app l i can t  t h a t  t he  p r o j e c t  i s  i n  a C r i t i c a l  
Drainage Area. 

Appl i cant 7.3. Submits additi.ona1 in fo rmat ion  which e i t h e r :  

7.3.1 Demonstrates t h a t  t he  p r o j e c t  q u a l i f i e s  f o r  
t he  exemption i n  Po l i c y  6.3; 0.r 

DDES 

7.3.2 Complies w i t h  Po l i c y  6.4. 

7:4' Revi'ews t he  mate r ia l s  submitted i n  step 7.3 and 
determines i f i t  compl i es w i t h  t h i s  C r i t i c a l  
Drainage. Area. Publ i c Rule. ' 

7.4.1 Returns inadequate mate r ia l  t o  t h e  appl i can  1 
w i t h  s p e c i f i c  i n s t r u c t i o n s  t o  comply, w i t h  
s tep 7.3. 

7.4.2 Forwards adequate engineer ing plans t o  be 
processed according, t o  t he  es tab l  i shed 
review process. 

8.0 PESPONSIBILITIES 

8.1 ' The Surface Water Management D i v i s i o n  ,, i s  responsib le '  f o r :  

8.1.1   men ding‘ t h i s  C r i t i c a l  Drainage Area Publ i c  Rule i f  requirements o f  
t h i s  C r i t i c a l  Drainage Area .Pub1 i c  Rule warrant a1 t e ra t i on .  

8.1.2 Updating t he  C r i t i c a l  Drainage Area map as new in fo rmat ion  becomes 
avai  1 able. 

8.2 The DDES i s  respons ib le  f o r :  

8.2.1 I d e n t i f y i n g  each p r o j e c t  which i s  w i t h i n  a C r i t i c a l  Drainage Area. 

8.2.2 Determining i f  t h e  mate r ia l  submitted by the  app l i can t  complies w i t h  
e i t h e r  Po l i c y  6.3 o r  Po l i cy .6 .4  o f  t h i s  Pub l i c  Rule. 
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8.3 The appl Scant is responsible,. at a minimum, for: 

8.3.1 Demonstrating that the project complies with Pol icy 6.3 or with the 
requirements in Policy 6.4 of this Public Rule. 

9.1 Map o f  the May Creek Critical Drainage Area. Precise borders of this 
Critical Drainage Area are indicated on the Critical Drainage Area map at 
the DDES permit center. 
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1.0 SUBJECT TITLE: MacDONALD CREEK C r i t i c a l  Drainage Area 

1.1 EFFECTIVE DATE: T h i r t y  days a f t e r  f i l i n g  w i t h  t he  C le rk  o f  t he  King County 
Counci l .  

1.2 TYPE OF ACTION: Th is  i s  a new' Publ i c  Rule. 

1.3 KEY WORDS: (1) C r i t i c a l  Drainage Area Designation; (2) Drainage Problem; 
(3) Development Res t r i c t i on ;  (4) MacDonald Creek; (5) Coal CreeklNewport 
H i l l s ;  (6) Newcastle Community Plan 

2.0 PURPOSE: To designate ' the MacDonald Creek C r i t i c a l  Drainage Area and t o  estab- 
1 i s h  a standard procedure f o r  reviewing appl i c a t i o n s  f o r  development w i t h i n  t h i s  
C r i t i c a l  Drainage Area i n  order t o  preserve t he  hea l th ,  sa fe ty  and wel fare  o f  the 
general pub1 i c. ' 3.0 ORGANIZATIONS A f  FECTED: 

3.1 Landowners and res idents  o f  the MacDonald Creek C r i t i c a l  Drainage Area 

3.2 Developers 

3.3 Department o f  Development and Environmental Services I 

3.4 Department o f  Parks, Planning and Resources 

3.5 Department o f  Pub l ic  Works: Surface Water Management D iv i s ion ,  Roads and 
Engineering D iv i s ion ,  S o l i d  Waste D i v i s i o n  

4.0 REFERENCES: King County Charter s e c t i  on 850; King County Code 2.16.040.8.4. g; 
King County Code 9.04, King County ,Code 2.98; King County Code 21.54; Surface 
Water Desiqn Manual. 

5.0 DEFINITIONS: I n  add i t i on  t o  the. d e f i n i t i o n s  l i s t e d  i n  Sect ion 5 o f  t h i s  Pub l ic  
Rule, a l l  d e f i n i t i o n s  inc luded i n  t he   kin^ Countv Surface Water Desian Manual are 
hereby adopted by reference. 
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5 . 1  "Critical Drainage Arean mean; an area with such severe flooding, drainage 
and/or erosion/sedimentation conditions that the area has been formally 
adopted as a Critical Drainage Area by rule under the procedures specified 
in K.C.C. 2 . 9 8 .  .This designation is based on the observation or predic- 
tion, using standard hydrologi~al methods, of one or more of' the following 
concerns and the need for more speci fic regul at i ons than the' Countywi de 
standards in order to mitigate the impacts of projects. 

5 . 1 . 1  Fl oodi ng concerns : 

5 . 1 . 1 . 1  First-floor flooding of a residential or commercial 
structure. occurs or is predicted to occur more frequently 
'than once every ten years; and/or 

5 . 1 . 1 . 2  Flooding of an arterial road or over one foot of flooding 
on a ,residential or commercial access road occurs or is 
predi cted to occur more frequently than once every ten:? . .. . 

years. . , 
. , 

, . 
5 . 1 . 2  Eros~on/sedimentation Concerns: : , I  

5 . 1 ' . 2 . 1  ~rosion/sedimentation has caused or is predicted to cacse i .! 
blockage or wash-out of an arterial road, residential hr 
commerci a1 'access road; 

5 . 1 . 2 . 2  ~rosion/sedi~entation has caused or is predicted to cause 
flooding or diqplacement of a residential or commercial 
structure by 'way of a 1 andsl ide and/or debris flow; and/or 

. . 

5 . 1 . 2 . 3  Erosion/sedimentation has caused or is predicted to cause 
signi.ficant habitat damage. , 

5 . 2  nDDESn means the '~epartment o f  ~ e v e l  opment and , . Environmental Services. 

5 . 3  "Design storm event-eans a rainfall (or other 'precipitation) event or 
pattern ,of .. events . . for use in analyzing and designing drainage facilities. 

5 . 4  "Director" means the Director of the Department of Development and 
Environmental Services or the Director's designee. 

5.5 "Drainage control system" means a temporary drainage system which provides 
the level of retention/detenf ion specified in Policy 6 . 4  for the entire 
site at all times during construction. ' 

' 

. . 
5 . 6  "Drainage pl ann means a plan ,for receiving, transporting and discharginb 

surface and storm water runoff as specified in ' the Surface Water Desiqn; 
Manual* 
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5.7 "Infil trationn means the hydrologic process of surface and storm water 
runoff soaking into the ground and is commonly referred to, as percolation. 

5.8 "On-site" means the entire property that includes the project. 

5.9 "Surface and storm water runoff" means water originating from rainfall and 
other precipitation that is found in drainage facilities, rivers, streams, 
springs, seeps, .ponds, 1 akes and wet1 ands as we1 1 as shall ow ground water. 

5.10 "Surface Water Desian Manual" means the manual (and supporting documents as 
appropriate) de'scribing surface and storm water runoff analysis and design 
requirements, procedures and guidance which is formally adopted by rule 
under the. procedures specified in K.C.C. 2.98. The Surface Water Desisn 
Manual is available from the DDES permit center. 

6.0 POLICIES 

6.1 The MacDonald Creek drainage basin, generally identified on the. Critical 
Drainage Area map at the ,DDES permit center and the map (Appendix 9.1) of 
this Publ ic Rule, is hereby designated as a Critical Drainage Area because: 

6.1.1 First-floor flooding of a residential or commercial structure occurs 
or is predicted.to occur more frequently than once every ten years 
(Concern 5.1.1.1 of this Public Rule). 

6.1.2 Flooding of an arterial road or over one foot of flooding on a 
residential or commercial access road occurs or is predicted to 
occur more frequently than once every ten years (Concern 5.1.1.2 of 
this Public Rule). 

6.1.3 Erosion/sedimentation .has caused ,or is predicted to cause a blockage 
or wash-out of an arterial road, residential or commercial access 
road (Concern 5.1.2.1 of this Public Rule). 

6.1.4 Erosion/sedimentation has caused or is predicted to cause flooding 
or displacement of a residential or commercial structure by way of a 
landslide and/or debris flow (Concern 5.1.2.2 of this Public Rule). 

6.1.5 Erosion/sedimentation has caused or is predicted to cause signifi- 
cant habitat damage (Concern 5.1.2.3 of this Public Rule). 

6.2 The'standards specified i n  Policy 6.4 of this Public Rule apply to all 
development proposal's which require drainage review as spectfi ed in the 
Kins County Surface Water Desian Manual. Unless otherwise specified in 
this Publ ic Rule, all Surface Water Desisn Manual thresholds apply. 
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6.3 Development proposals w i t h i n  t h i s  C r i t i c a l  Drainage Area may be exempt from 
these C r i t i c a l  Drainage Area requirements i f  they, demonstrate t o  the  ' s a t i  s- 
fac t ion  of the  D i rec to r  t h a t  o n - s i t e  surface and storm water r u n o f f  dra in-  
age does no t  i n  fac t  d r a i n  . i n t p  , t he  basin mapped i n  Appendix 9.1 o f  t h i s  
Publ ic  Rule. 

6.3.1 Devel opment proposal s w1,thi n t h i s  C r i t i c a l  Drainage Area are exempt 
from the standards spec i f i ed  i n  Po l i c y  6.4 i f  the  p r o j e c t  w i l l  add 
l e s s  than 5,000 square f e e t .  o f  impervious surface t o  a l o t  intended 
f o r  s ing le- fami ly  r e s i d e n t i a l  use. 

6;4 Engineering plans f o r  p ro j ec t s  loca ted  w i t h i n  t h i s  C r i t i c a l  Drainage Area 
must meet the f o l l ow ing  condi t ions,  unless t he  cond i t i ons  i d e n t i f i e d  i n  
Po l i c y  6.2 are documented t o  the  s a t i s f a c t i o n  o f  t he  D i rec to r .  

6.4.1 The proposed storm water f a c i l  i t i e s  must meet one o f  t h e  f o l l ow ing  
s,tandards: , o  

6.4.1.1 Surface and storm water r u n o f f  detent ion sha l l  be computed 
using an SCS-based hydrograph method (o r  o ther  method ij's 
subsequently approved by King County). The performance o f  
proposed detent ion f a c i l i t i e s  sha l l  be such t h a t  discharge ) 
from the  developed area s h a l l  be no more than one-ha1 f 
(50 percent) o f  the pre-development two-year/24-hour 
re lease r a t e ' f o r  design storm events up t o  and i nc l ud i yg  
the  two-year/24-hour design storm event, the  pre- 
development two-year/24-hour re1  ease r a t e  f o r  a1 1 design 
storm events ' up t o  and i nc l ud ing  t he  ten-year/24-hour ;, , 
design storm event and t he  pre-devel opment ten-year/24-hour 
re lease r a t e  f o r  a l l  design storm events up t o  and inc lud-  
i ng the  100-year/24-hour design storm event. The storage 
volume so ca lcu la ted  s h a l l  be increased by a sa fe ty  f a c t o r  
o f  30 percent as requ i red  by the  King County Surface water 
Des i qn Manual ; 

6,.4.1.2 As determined by hydro log ic  ana lys is  us ing a continuous,' ' 

hydro1 og ic  model such -as t he  Hydro1 og ic  Simul a t  i on  program - For t ran (HSPF) , post-devel opment f l ow  durat ions sha l l  no t  
' exceed pre-development f l ow  durat ions f o r  a l l  f lows greater  

than, one-ha1 f (50 percent) o f  t he  two-year event and 1 ess 
than the  50-year event. I n  add i t ion,  t he  100-year post; 
development peak f l ow  r a t e  s h a l l  n o t  exceed pre-devel opment 

' l eve ls .  I . : '  

6.4.2 The detent ion standards i n  6.4.1 w i l l  te rminate  upon adoption o f k h  
MacDonal d Creek Basin PI an. ! ' ! '  , ..+ 

I t: I.. 
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6.5 A drainage control system, as approved by the Department of Developmen't and 
Environmental Services, or, in the case of public works facilities, as 
approved by the Surface Water Management Division, shall be i.nstal1 ed prior 
to any 1 and clearing,. vegetation removal, site grading, road construction, 
or utility installation, except that those activities associated with pre- 
development exploration, such as surveying and performing soi 1 tests, and 
limited clearing and grading associated with construction of drainage 
facil ities, will be permitted prior to con'struction of the drainage control 
system. 

6.6 In those situations where features of the final drainage system or 
subsequent development make instal 1 ation of the final drainage system 
impossible, a phased drainage control plan shall be developed. This phased 
plan shall provide the level of retentionldetention se't forth in the appl i -  
cable detention standard for the entire site at all times. 

6.7 Point discharge from detention systems shall be only into drainage chqnnels 
that previously conveyed surface and storm water runoff in the pre- 
development state. . No point or dispersed discharge shall be permitted onto 
or upstream of steep slopes where erodible granular deposits lie anywhere 

b downstream of that discharge. 
, P' 6.8 A1 1 commerci a1 , subdivision, 'and short plat permits for projects 1 ocated on 

rural zoned lands within this Critical Drainage Area must impose ,a clearing 
limitation for hydrologic, erosion, and water quality control such that a 
maximum of 35 percent of the total project area may be cleared and a mini 
mum of 65 percent of the total project area must be .retained in existing 
vegetative cover. These clearing 1 imitations wi 11 terminate upon adoption 
of the MacDonald Creek Basin Plan. 

6.9 The clearing restrictions in Policy 6.8 may be waived by the Director to 
provide for needed public 'services and facilities to accommodate growth. 
In such instances, on-site detention must be provided in accordance with 
the standards specified in Policies 6.4.1.1 or 6.'4.1.2 

6.10 If any portion of this Public Rule or its application to any person or ' 

property is held invalid, the remainder of this Pub1 ic Rule or the appl ica- 
tion of the provision to other persons or property shall not be affected. 

6.11 This Public Rule is exempt from the rule of strict construction and shall 
be liberally construed to give full effect to the objectives and purposes 
for which it was adopted. 
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7 . 0 .  GENERAL PROCEDURFS 

Bes~ons i  b i l  i t v  Aabn  .. 

DDES 7.1  1 d e n t i f i . e ~  tha t  I .  the pro jec t  i s  i n  a C r i t i c a l  Drainage Area. 

DDES 7.2 I n f o r m  appl i ,c in t  t ha t  the pro jec t  i s  i n  a C r i t i c a l  
Drainage Area. ' 

Appl i cant 7.3 Submits addit ional  information which e i ther :  

7.3.1 'Demonstrates t h a t  the p ro jec t  qua1 i f i e s  f o r  
the exemption i n  Pol icy 6..3; o r  , .  

7.3.2 Complies w i th  Pol icy 6.4.  

DDES . . 
7:4 Reviews the mater ials submit ted- in  step 7.3 and 

determines if i t  compl i es  w i th  t h i s .  C r i t i c a l  
Drad nage ' Area Publ i c '  Rule. . . 

7.4.1 Returns inadequate material' t o  the applilcant 
w i th  speci f ic ins t ruc t ions  t o  comply w i t h '  
step 7.3. 

7.4.2 Forwards adequate engineering p l  ans t o  be 
processed according t o  the establ i shed 
revi.ew process. 

8 .1  The Surface Water Management D i v i s i o n  i s  responsible fo r :  

8.1.1 Amending t h i s  C r i t i c a l  Drainage Area Publ i c  dule i f  requiremenrs o f  
t h i s  C r i t i c a l  Drainage Area Publ i c  Rule warrant a1 te ra t ion .  

8.1.2 Updating ' the C r i t i c a l  ~ r a i n b ~ e  Area map. new information becornrs 
avai 1 able. 1 

8.2 The DDES i s  responsi b l  e for :  ' 
. . 

8.2.1 I den t i f y i ng  each pro jec t  which i s  w i th in  a C r i t i c a l  ~ r a i n a ~ e  ~rkA. 

8.2.2 Determining if the mater ial  submitted' by the appl icant complies wi th  
e i t he r  Pol icy 6.3 o r  Pol icy 6.4  o f  t h i s  Publ ic Rule. 
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8.3 The appl i c a n t  , i s  responsib le,  a t  a minimum, f o r :  

8 .3 .1  Demonstrating t h a t  t h e  p r o j e c t  complies w i t h  P o l i c y  6.3 o r  w i t h  t h e  
requirements i n  P o l i c y  6.4 o f  t h i s  Pub l i c  Rule. 

9.0 APPENDICES 

9.1 Map o f  t h e  MacDonald Creek C r i t i c a l  Drainage Area. Prec ise  borders o f  t h i s  
C r i t i c a l  Drainage Area are  i n d i c a t e d  on t h e  C r i t i c a l  Drainage Area map a t  
t h e  DDES permi t center .  



Department o f  Pub1 i c  Works 
E f f e c t i v e  Date: 4/22/93 

PUT. 8- 5 (PR)  
KCPR 09.04.050.0 
Page 8 o f  8 

APPENDIX 9.1 

MAP 





K I N G  C O U N T Y ,  W A S H I N G T O N ,  S U R F , A C E  W A T E R  D E S I G N  M A N U A L  

KING COUNTY, WASHINGTON 
SURFACE WATER DESIGN MANUAL 

REFERENCE - 4 
OVERVIEW OF KING COUNTY 
SURFACE WATER POLICIES 



K I N G  C O U N T Y ,  W A S H I N G T O N ,  S U R F A C E  W A T E R  D E S I G N  M A N U A L  

OVERVIEW OF KlNG COUNTY SURFACE WATER 
POLICIES 
This paper is provided for reference to the readers and users of the Surface Water Design Manual. Its 
purpose Is to Inform the reader as to some of the background policles from which the Manual was 
developed. It Includes a summary of the King County Comprehensive Plan Policles related to and 
affecting surface water management, and the Surface Water Management Divislon's surface water system 
planning policies for new development and surface water quantity and quality control policies. A major 
objective in the preparation of the Surface Water Deslgn Manual has been to provide the regulatory and 
technical means to Implement these poilcies. 

Several departments within King County have responsibility for development and implementation of surface 
water management policies. The Surface Water Management Divlslon (SWM) of the Department of Public 
Works prepares Basin Plans and other policies to address Issues of regional facliitles planning and 
engineering, and the development and enforcement of drainage regulations. The Building and Land 
Development Divlslon (BALD) of the Parks, Plannlng and Resources Department (Plannlng) performs the 
actual review of dralnage plans for new development. The Natural Resources and Parks Division of 
Plannlng assists SWM In surface water management and assists the Plannlng and Community 
Development Divlslon of Planning in the preparation of Cornmunity Plans. Basin Plans and Cornmunity 
Plans provide specific pollcles on whlch requirements are based. Community Plans provide detailed land 
use phns for local geographic areas. At the time of thls printing, Klng County has establlshed sixteen 
such geographic areas (see Figure 1). The Road Divlslon publishes standards for drainage facilities 
constructed in Klng County road right-of-way. 

Five major river basins are situated completely or partially in King County. These basins subdivide into 
sixty-seven subbaslns (see Figure 2). In the basins with adopted Basin Plans, the dralnage requirements 
may dlffer from standard King County requirements because of special geographic conditions and special 
solutions. In addltlon to providing speclal dralnage requirements, the Basin Plans may include information 
useful In the preparation of drainage plans. 

KlNG COUNTY COMPREHENSIVE PLAN 

King county's Comprehensive Plan (Comp Plan) was adopted In 1985, setting forth the County's vision for 
land use in the County. The major pollcles directing land use are presented In the Comp Plan along with a 
series of maps identifying areas for which special requirements have been developed. Comp Plan policles 
whlch direct surface water management are presented in Chapter 4 of the Comp Plan. The Comp Plan 
provides the broadest definitions and direction for Klng County surface water management policy. As a 
result, many of the pollcles on which the requirements In thls Manual are based originated in the Comp 
Plan. The Comp Plan is available for review In the BALD Divislon office. 

The Comp Plan's overall approach to environmental' protection encourages growth and development 
patterns compatible with natural features, and discourages alteration of natural features. Land use 
designations that realistically show natural constraints give an accurate Indication of development potential, 
and allow public agencies to plan for services. 

The following section describes the specific Comp Plan policies related to surface water management and 
requiring special consldaration In land use decisions, as well as to those whlch reduce hazards and 
prevent adverse environmental Impacts. 

Comp Plan on General Environment 

Pollcy E-301: Land use plans and zoning should reflect natural constraints. 

Policy E-302: When environmentally sensitive features are discovered through technical review of a 
development proposal, the need to protect the sensitive features should be factored into site planning. 
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Development plans should ensure that structures locate on unconstrained portions of the site and that 
clustering, if approved, is compatible with surrounding land uses. These considerations may result in a 
reduction in density from that otherwise allowed by the zoning. 

Policy E-303: Wildlife should be maintained through preservation and enhancement of wildlife habitat. 
Habitat for species which have been Identified as endangered or.threatened should not be reduced, and 
should be preserved through acquisition, Incentives, and other techniques. 

Comp Plan on steep Slopes, Landslides and Erosion Hazards 

Policy E-304: Land uses on steep slopes should be designed to prevent property damage and 
environmental degradation, and enhance greenbelt and wildlife habitat values. 

Policy E-305: As slope increases, development Intensity, site coverage and vegetation removal should 
decrease to mitigate problems of drainage, erosion, siltation and landslides. Slopes of 40 percent or more 
should be retained in a natural state, free of structures and roads. 

Policy E-307: In areas subject to erosion hazards, native ground cover should be retained or replaced 
after construction, special construction practices should be used, and allowable site coverage may need to 
be reduced to prevent erosion and sedimentation. Limitations on the time when site work can be done 
may also be appropriate. 

Comp Plan on Water Quality 

Policy E-311: Water quality should be protected and enhanced. Land use plans and land development 
should preserve the amenity and ecologlcai functions of water features. 

Policy E-312: Water resources should be managed for multiple uses -- including recreation, fish and 
wildlife, flood protection, erosion control, water supply, energy production, and open space. Use of water 
resources for one purpose should, to the fullest extent possible, preserve opportunities for other uses. 

Comp Plan on Drainage Systems 

Policy E-313: ' Surface water management plans should conslder entire watersheds, with responsibllity 
shared between King County, other counties, and the Incorporated cltles withln a watershed . . . 
Policy E-314: Natural drainage systems should be maintained and enhanced to protect water quality, 
reduce public costs and prevent environmental degradation. Public improvements and private 
developments should not alter natural drainage systems without acceptable rnitlgating measures which 
eliminate the risk of flooding or negative impacts to water quality: 

Policy E-315: Natural surface water storage sites that help regulate stream flows and recharge 
groundwater should be preserved and their water quallty protected. 

Policy E-316: Water quality and natural drainage systems should be protected by controiilng the quality 
and quantity of stormwater runoff. 

Policy E-317: New development should not increase peak stormwater runoff. In critical drainage, erosion 
or flood hazard areas, new development should not Increase total runoff quantity. 

Policy E-318: Site plans and construction practices should be designed to minimize on-site erosion and 
sedimentatlon during and after construction. 

Policy E-319: Stormwater runoff from new development next to steep hillsides or ravines should be routed 
so it does not cause gully erosion or landslides. Runoff also should be sufficiently diffused so that flows 
do not create erosion of ravines or steep hillsides. 



Policy E-320: ~esource industries should use management practices that prevent erosion and 
sedimentation, and prevent pollutants from entering ground or surface waters . 

Comp Plan on Rivers, Streams, and Waterbodies 

Policy E-321: .Water quaiity, natural drainage, fish and wlidlife habitat and aesthetic functions of rivers, 
streams, lakes and Puget Sound should be protected. 

Policy E-322: New development adjacent to rivers, streams, lakes and Puget Sound should preserve an 
undisturbed corridor wide enough to maintain natural functions. 

Policy E-323: Natural stream channeis Should be preserved, protected and enhanced for their hydraulic, 
ecological and aesthetlc functlons through development regulations, land dedications, easements, 
incentives, acquisition, and other means. 

Policy E-324: River and stream channels should not be placed In cuiverts unless'absoiutely necessary for 
property access. Bridges are preferred for river and stream crossings, and crossings should serve several 
properties, to reduce disruption to rivers, Streams, and their banks. When cuiverts are necessary, 
oversized culverts with gravel bottoms that maintain the channel's width and grade should be used. 

Policy E-325: Degraded stream and river channeis and banks should be rehabilitated by public programs 
and new development, to maintain water quality and prevent.future erosion problems. Where conditions 
permit, the banks and channels should be restored to a natural state. 

Policy E-326: Private development and public aitlqns should maintain adequate flows h rivers and 
streams to protect fisheries and recreation resources. 

Policy E-327: Development within designated shoreline eilvironments shouid: 

a. Preserve the resources and ecology of the water and shorelines; 

b. Avoid natural hazards; 

c. Promote visual and physical access to ihe 'water; and 

d. Preserve navigation rights. 

Comp Plan on ' Wetlands 

Policy E-328: Wetlands important for flood control, drainage, water quality, aquifer recharge, visual or 
cultural values or habitat functions should be preserved or enhanced. 

Policy E-329: New development adjacent to a unlque,outstanding, o'r significant wetland shouid preserve 
or enhance the wetland and provide an undisturbed buffer around the wetland adequate to protect its 
natural functions. Encroachments into significant wetlands may be allowed when no feasible alternative 
exists and enhancements are provided to replace the lost wetland's functions. . 

Policy E-330: Water level fluctuations in wetlands used as storm water detention sites should be similar to 
the fluctuations under natural'conditions, unless plants in the wetland can adapt to new levels. 

~ o l i c ~  E-331: Public access to wetlands for scientific and recreational use is desirable when sensitive 
habltats are protected. Careful planning of access trails, for example, can allow public enjoyment of 
wetlands while preventing safety and environmental probiems. 

Policy E-332: Development on existing or former wetlands shouid occur only after careful soils analysis 
shows that construction measures can successfully mitigate potential hazards of unstable soil and 
drainage probiems. 
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Comp Plan On Floodplains 

Policy E-333: The natural flood storage function of floodplains should be preserved. Non-structural 
methods should be emphasized In plannlng for flood prevention and damage and should be designed to 
maintain natural flood storage functions and minimize hazards. 

Policy E-334: One-hundred-year floodplains should be protected by restricting residential development to 
rural residential densities, locating roads and structures above the 100-year flood level, and requiring new 
development to replace existing flood storage capacity lost due to filling. 

Policy E-335: Due to the risks associated with deep and fast-flowing waters, no permanent structures 
should be iocated in the floodway. Land uses in a floodway should not divert water from the floodway, 
change flood elevation or obstruct natural flow. Development in the flood fringe must not reduce existing 
flood storage capacity. 

Policy E-336: Along small streams for which the floodway has not been Identified, the entire floodplain 
should be treated as a floodway, and no permanent structures, grading or filling should be allowed. 

Comp Plan on Aqulfers 

Policy E-337: Groundwater recharge areas should be identified and protected to ensure that groundwater 
resources are protected from potential pollution. 

Comp Plan on Open Space 

Policy E-202: Lands preserved for public parks or open space should provide multiple open space 
benefits whenever possible. Multiple benefits include but are not limited to, active or passive recreation 
opportunities, scenic vistas, fish or wildlife habitat, many of which can be provided by natural surface water 
drainage systems, Including wetlands. 

SURFACE WATER SYSTEM PLANNING POLICIES FOR NEW DEVELOPMENT 

A variety of approaches exist for the design of surface water systems used In the mitigation of a new 
development impacts. Each system design must consider the hydrology, hydraulics, and erivironmentai 
constraints of both the on- and off-site systems. Knowing the system alternatives, site limitations, and 
environmental constraints is.criticai early In the development planning process to avoid costly surprises 
and delays due to design changes, as well as adverse impacts. The design engineer should focus on 
details of the development design while slmuitaneousiy focusing on the project in the larger context of 
King County goals for managing surface water while protecting environmental quality. 

Design engineers are expected to consider the variety of available surface water system alternatives before 
beginning system design. Generally, systems incorporating water quality protection and low-maintenance 
system components with gravity control are required by King County. In some cases, multi-use facilities 
may be appropriate, such as a passive recreation area iocated within a detention pond, but approval of 
these facilities will be dependent on maintenance and liability considerations. 

Protection of existing natural drainage features is required by the King County Sensitive Areas Ordinance 
and Rules. in the situations where alteration of the natural system is allowed, provisions are usually 
required for the re-establishment of the natural system functions. These functions include water quality 
benefits, biofiltration, groundwater recharge and wlidiife habitat. 

in general, King County requires the use of on-site drainage controls and storage facilities which are 
intended to reduce the problem of Increased, runoff quanttty at the source by replicating the exlsting 
predeveiopment runoff rates. While the effectiveness of on-site controls warrants their continued use in 
King County, particularly for water quality control, the SWM Division is continuing to investigate a regional 
approach which would integrate the on-she controls with a larger, basin-wide program through the Basin 
Planning Program. 
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Other alternatives to on-site runoff quantity controls may be effective In meeting King County's goals of 
preserving and protecting natural drainage systems. For example, it may be more hydraulically efficient to 
discharge stormwater without detention if the site is located close to an acceptable receiving,body or a 
regional facility designed to receive the runoff from the she, and the conveyance system to the water body 
Is adequate and water quality protection measures will be constructed. 

SURFACE WATER QUANTITY CONTROL POLICY 

The primary means for King County to minimize the impacts of new development on natural and 
constructed drainage systems downstream is to require on-site detention faciitties to limit the peak rates of 
runoff from design storm events to levels which exist in the undeveloped state. In most cases, the 
detention performance curve (described below) will control runoff from most newly developed sites without 
the need to directly address the increased volume of runoff which results due to the addition of impervious 
surface. This, however, will not be the case with some sites, for example, where the site discharges to a 
closed depression or where there is severe downstream erosion potential. 

Detention Performance Curve 

The concept of a detention performance curve was formulated to limit downstream flooding and 
accelerated erosion resulting from new development. This concept was based on a review of the goals of, 
peak runoff rate controls applied to  design storm events of specified return frequencies. Traditionally, 

' 

control of the less frequent, but higher magnitude, events were addressed in order to prevent downstream, 
flooding. It has ,now been acknowledged that an even more prevalent, and equally destructive, drainage 
problem occurs as the result of new development. This is the accelerated erosion of natural and 
manmade conveyance systems which occurs from ail storms. This is particularly the case for runoff 
generated from more frequent storms due to the cumulative "increased work they apply to the 
conveyance systems. The "increased work Isthe product of the increased flow levels times the extended 
duration of time which runoff occurs. 

Hydrograph Methods , . 

In order to apply the concept of detention performance as well as the. other hydrologic and hydraulic 
anaiyticrii tools, it is essentiai to have a means of .representing the runoff of water leaving a basin at a 
specific point, over a period of time. The hydrograph method serves this function and, thus, characterizes 
the surface water runoff from a basin, and from which can be extracted numerical values useful in analysis 
and design. These values Include the total volume, peak rate of runoff, and other values .developed from 
processing the hydrograph through other analytical models such .as those representing storage or stream' 
channel routing. The utility of this representation has dictated its selection as the primary tool in estimating 
the existing and proposed developed runoff characteristics of sites in King County. 

Design Storm Event Method 

The method of designing facilities based on hydrographs generated from the application of design storm 
events has been retained for analyzing 'existing and designing new drainage facilities. It is acknowledged: 
that methods based on calibrated models utilizing continuous rainfall and streamflow records yield the 
most accurate results and are essential to anaiyzing certain complex hydrologic problems. Currently, the 
data requirements and the complexity and level of effort does not warrant the use of continuous models 
for the design of most on-site drainage systems in King County. 

Since the SWM Division is using a continuous model (HSPF, Hydrologic Simulation Program Fortran) for 
preparing Basin Pians, in ail likelihood the use of continuous modeling for design of on-site drainage 
systems will be phased In over time as Basin Plans are adopted or as special projects arise, in particular ,. 
very large projects such as Master Drainage Pians. 
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Hydrograph Method Selection 

There were a number of ob]ectlves sought in the selection of a "yard stick" methodology for generating 
runoff hydrographs. The major objectives are listed below: 

o The method must utilize the design storm event concept. 

o The method must be easily understandable by practlclng civll engineers and BALD Division drainage 
review staff. 

o The method Is preferably known, at least In part, by current practicing clvll engineers in King County. 
.. . . 

o The method must have easily definable and readily obtainable runoff parameters. 

o The method must generate consistent, reasonable results through the range of basin areas, and 
existing and developed runoff characteristics. 

o The method should be executable manually (although llkely much more efficiently through the use of 
programmable calculators and computers). 

o The method must produce hydrographs which may be readily processed by other algorithms 
applying concepts such as storage routing. 

The comblnatlon of the Santa Barbara Urban Hydrograph (SBUH) Method using the Soil Conservation 
Service (SCS) curve numbers was found to most closely meet these objectives and therefore was selected 
as the "bench mark hydrograph methodology. 

SURFACE WATER QUALITY CONTROL POLICY 

State-of-the-art measures Intended to preserve existing water quality or reduce potential pollutant loadlngs 
have been Incorporated Into many of the requirements of this Manual. These measures include design 
crlterla and requirements such as detentlon faclllty performance to control erosive discharges from 
detention baslns, detention basin designs that promote controlled sedimentation, and special water quality 
controls and vegetation-lined channels for bloflltratlon. A "Background" discussion Is provided at the end 
of this section which describes some of the research, problems, and regulatory direction on the Issues of 
protecting urban runoff quality. 

Detention Facillty Performance 

Retentlon/Detention (R/D) facilities provide flow control by detaining, buffering and attenuating flows. 
These attributes also provlde some level of pollution control by detaining the flow long enough for pollutant 
removal by physlcal and/or biochemical processes. They are designed to minimize pollutant discharge so 
that downstream flsherles, habitat and water quality will be preserved. Because of the direct relationship 
urban sediment has with pollutants and toxic chemicals, R/D facility deslgn criteria provide control of 
sediment-laden water and downstream eroslon. 

Control of the 2-year 24 hour duration storm events is needed to provlde protectlon from the cumulatlve 
Impacts that result In downstream eroslon. The need for this protectlon Is supported by recent literature 
indicating that the level of erosion in a channel Is directly proportional to the "work performed on the 
channel by flowing water. The dominant flow, defined as channel dominant discharae, Is the most 
effective in performing this "work and has been found to be in the range of a 1 - 2 year return frequency 
flow, or an approximate bank-full channel condition. 

Results of recent studies have demonstrated that substantial removals of pollutants In urban s'tormwater 
can be achieved by gravity sedlmentatlon if turbulent mixing can be avoided and the detention time Is 
long. The pollutants most susceptible to removal are Total Suspend Solids (TSS), hydrocarbons, lead, 
Blological Oxygen Demand (BOD), and total phosphates. Trap efficlencles of 70 percent of TSS, 
hydrocarbons and lead; 50 percent of BOD and phosphates; and at least 33 percent of chemical Oxygen 
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Demand (COD), Total Organic Carbon (TOC), and Total Nitrogen (TN) were reported In the studies. TSS 
is particularly susceptible to removal by sedimentation and can also be representative of the amount of 
general pollution due to their affinity for absorbing numerous other pollutants. 

The most important feature for water quality R/D faclllty design is to promote siltation by providing 
maximum detention time of the ponded urban runoff. The hydrologic performance concept for R/D design 
described previously is primarily for controlling downstream erosion and flood events, but its inherent 
design also provides long detention times and is therefore ideally suited for water quality control. 
Computer model test cases run by SWM staff for average development conditions resulted in detention 
times of approximately 30 hours for the 2-year, 24-hour storm. 

Additional R/D facility design features generally required to promote sedimentation, infiltration, and 
biofiltration include: 

o Utilization of long, narrow pond configurations. The minimum required length/width ratio Is two; 
larger ratios are encouraged. 

o installation of inlet and outlet structures at extreme ends of the pond. 

o Flat pond and tank/vauit bottoms provide for minimum flow velocity to promote settlement and 
biofiitration (in ponds). 

o Provlslon of water tolerant, stable vegetatke ground cover on pond bottom and sides controls 
erosion and provides biofiltratlon. . .I +' 

o Provision of $-inchdeep sediment sump (dead storage) over pond and tank/vault bottom area. 

o Two-cell pond deslgn. 

Special Water Quallty Controls 

.There are two types of special water quality control facilities provided in this Manual to treat surface water 
runoff. These are wet ponds and vaults, and water quality swales. They are primarily required to treat 
runoff from developed areas prior to discharge to senskive natural drainage features such as wetlands, ' 

lakes and streams (when not treated by a retention/detention pond), and prior to infiltration. Both of these 
types of .facilities utilize sedimentation, biofiltration end biologic activity as the mechanisms for removal of 
pollutants from surface water runoff .and have been demonstrated to provide substantial water quaiity 
improvements by a number of studies. The SWM Division will continue to participate.in on-going 
programs to further substantiate and quantlfy the benefits these facilities provide, as well as refine the 
analytic methods and criteria for their design. 

Vegetatlon-Llned Swales and Native Growth Areas 

Vegetation-lined swaies .(often referred to a grass-lined channels), when properly designed, have been 
proven effective as "biofiltration" mechanisms for the removal of sediments, heavy metals, and some 
nutrients from stormwater leaving developed areas. Suspended particles can settle out If the velocity of 
flow Is slowed over an adequate length of channel and, depending on.soll type, infiltration will also provide 
water quality benefits. The optimum design of vegetation-lined swales minimizes water depth and velocity 
to'promote maximum water contact with channel vegetation and,infiltration. 

The preservation of native growth areas is also very important in preserving water quaiity, as well as 
environmental features necessary to protect valuable natural resources and maintain stable slopes. Water, 
quality benefits from these native growth areas are both direct and indirect by providing for pollutant 

, :: 
reduction or elimination, and provide physical protection of aesthetics and wildlife habitat. For example, 
natural vegetative corridors along streams or around wetlands provide biofiltration to incoming pollutants 
and preserve the aquatic and wildlife habitat along the water's edge. 
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Background 

Discharge of stormwater runoff into surface water can result in water quality degradation of the natural 
surface water system. For example, the Bellevue National Urban Runoff Program (Pltt and Bissonnette, 
1984) stated the following stormwater related impacts to a local stream in an urbanizing area: 

o Reduction in diversity of aquatic species. 

o Physiological damage to fish populations 

o Periodic~flsh kills associated with dumping of toxic substances into the drainage system 

o Higher water temperature 

o Channel instability and increased sediment transport 

o increased fecal coliform bacteria populations 

o Reduced aesthetic value 

Water quality degradation may be acute or chronl~. A flshklll is an acute reaction to dumping of a toxic 
substance (such as antifreeze) into a catchbasln discharglng to a stream. Chronic degradation may also 
include the gradual accumulation of pollutants (including combustion engine by-products such as 
cadmlum, zinc, and lead) which in turn may contribute to a reduction in the diversity of species and 
physioioglcal damage to the species that remain. 

Pollutants In urban runoff are usually attached to sediments. in addition, sediments clog and cement 
spawning gravels and reduce the capacity of conveyance systems. Control of sediment during all phases 
of urbanization (construction through full development) Is therefore crltlcal to reducing the discharge of 
pollutants to the County's surface waters. Consequently, the County requires ail new development to 
prepare a plan for the control erosion and sedimentation both during and after construction, (see 
Requirement #5). 

In the coming years, there will be growing local state and federal emphasis on the control of water quality. 
The recently completed 1987 Puaet Sound Water Qualitv Plan, underscores the need for basln planning 
and controlling the discharge of stormwater pollutants at the source. During the next 5 years the 
Environmental protection Agency and the State of Washington Department of Ecology will be preparing 
the requirements for a County-wide permit (under the Clean Water Act's Natlonai Pollutant Discharge 
Elimlnation System (NPDES) program) which wlll set acceptable levels of stormwater pollutants discharged 
into the County's surface waters. In response to these programs and King County's own goals for 
enhancement and preservation of environmental quality, King County will continue to review and update its 
requirements for the protection of water quallty to ensure environmental preservation of our water 
resources. 
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METHODOLOGY FOR USING THE "BRUCE BARKER" OR MODIFIED SBUH, 
7-DAY STORM DETENTION METHODOLOGY 

-- Revised Guidance -- 

July 15, 1994 

The King County HYD program has been modified to directly compute hydrographs for 
the "Bruce Barker" or modified SBUH 7-day storm methodology. 'In addition, the 
pervious times of concentration for pasture cover have been revised from those published 
in previous guidance documents for this methodology. People familiar with the Santa 
Barbara Urban Hydrograph and the King County Surface Water Design Manual should 
find this modified method easy to use. This outline presents the basic steps for calculating 
hydrographs with this methodology. 

Note: the phrase "the design manual" refers to the King County Surface Water Design 
Manual, 1990. 

The modified SBUH methodology with a modified 7-day design storm (the Bruce Barker 
methodology) shall only be used for conversions of till and wetland soils. The table below 
defines which SCS soil series should be considered till soils for the purpose of this 
methodology. Projects built on deep outwash soils should not use this methodology, but 
should continue to use the standard of the design manual. 

Step one. Isopluvials. 

Establish precipitation amounts for the appropriate location and design storms using the 
Bruce Barker, et al., 7-day isopluvial maps at the end of this package. 

Step two. Compute Hydrographs with option #3, "Modified SBUH Methodology", 
of the King County HYD Program. 

Hydrographs for pervious and impervious surfaces are determined separately and then 
added together. This eliminates problems associated with a composite time of 
concentration when the individual times of concentration are very different. In option #3, 
the HYD program will ask you first for the curve number and time of concentration for 
pervious soils, and then ask you for the curve number and time of concentration for 
impervious surfaces. 

Determine the curve numbers (CN values) as specified in the design manual. 

Times of concentration for pervious soils are to be computed separately. The time of 
concentration shall be a summation of "interflow or sheet flow, shallow concentrated flow, 
and open channel flow," (Barker, 1992). However, sheet flow calculations should only be 



used for impervious areas. Do not use sheet flow formulas for pervious land cover. 
~nsteaci, use the times of concentration for pervious areas specified in Table 2. 

TABLE 2 
CALIBRATED TINE OF 

CONCENTRATION VALUES FOR TILLlWETLAND SOILS 11 
CoverISlope I Time of Concentration 1) 

I (minutes) 11 

flow is critical, such as conveyance design. 
' 

**  Calibrated to interflow component of runoff Use for applications where 
runoff volume is critical, such as detentioh design. 

ForestISteep 

Forest/Flat 

PasturelSteep 

PastureIFlat . 

Flat: Average slope of 15% or less. 
Steep: Average slope.greater than .15%. 

530 . 

1125 

495 

1155 

Outwash soils: For sites predominantly outwash use standard 24-hr hydrograph method in 
the design,manual. 

* Calibrated to surface component of runoff. Use for applications where peak 

For RID Analysis: Use interflow calibrated Tc for .both existing and developed condition 
hydrograph. 

For Conveyance/Overflow Analysis: Use standard SCS Type I-A 24-hr rainfall 
distribution and time-of-concentration as defined in the design manual. 

. . 

Times of concentration for impervious surfaces are calculated as specified in the design 
' t  ( 

manual. 



Table 1 
Conversion of SCS Soil Types to Till, Outwash, and Wetland Classifications 

1. Where outwash soils are saturated or underlain at shallow depth ( < 5  ft) by glacial till, they should be 
treated as till soils. 

Arents, Everett Material (An) 

2. These are bedrock soils, but calibration of HSPF by King County SWM shows bedrock soils to have 
similar hydrologic response to till soils. 

Briscot (Br) 
Buckley (Bu) 
Earlmont (Ea) 
Edgewick (Ed) 
Everett (EvB, EvC, EvD, EwC) 
Indianola (InC, InA, InD) 
Kitsap (KpB, KpC, KpD) 
Klaus (KsC) 
Neilton (NeC) 
Newberg (Ng) 
Nooksack (Nk) 
Norma (No) 
Orcas (Or) 
Oridia (0s) 
Oval1 (OvC, OvD, OvF) 
Pilchuck (PC) 
Puget (Pu) 
Puyallup (Py) 
Ragnar (RaC, RaD, RaC, RaE) 
Renton (Re) 
Salal (Sa) 
Sainmamish (Sh) 
Seattle (Sk) 
Shalcar (Sm), 
Si (Sn) 
Snohomish (So, Sr) 
Sultan (Su) 
Tukwila (Tu) 
Woodinville (Wo) 

3. These are alluvial soils, some of which are underlain by glacial till or which have a seasonally high 
water table. In the absence of detailed study, these soils Should be treated as till soils. 

4. Buckley soils are formed on the low permeability Osceola mudflow. Hydrologic response is assumed to 
be similar to that for till soils. 

D 
D 
D 
C 

A/B 
A 
C 
C 
A 
B 
C 
D 
D 
D 
C 
C 
D 
B 
B 
D 
C 
D 
D 
D 

, C 
D 
C 
D 
D 

Till 
Till 
Till 
Till. 

Outwash 
Outwash 

Till 
Outwash 
Outwash 

Till 
Till 
Till 

Wetland 
Till 
Till 
Till 
Till 
Till 

Outwash 
Till 
Till 
Till 

Wetland 
Till 
Till 
Till 
Till 
Till 
Till 

3 
4 
3 
3 
1 
1 

1 
1 
3 
3 
3 

3 
2 
3 
3 
3 
1 
3 
3 
3 

3 
3 
3 
3 
3 
3 

Y 



When using the modified SBUH method to create a hydrograph for only pervious or only 
impervious areas, still include a CN and Tc for both as asked by the program, but set the 
area of the unwanted CN to z'ero. 

Step three. Routing. 

Same procedure as in the design manual. 

If you have questions or comments, please contact Jeff Burkey, Kelly Whiting, or Rhett 
Jackson at (206) 296-65 19. 
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(Not included at this tlme.) 
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(Not included at this time.) 
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KING COUNTY 
STANDARD PLAN NOTES, 

The standard plan notes must be included on all plans. At the appllcant's dlscretlon, notes which In no way 
apply to the project may be omitted; however, the remainlng notes must not be renumbered. For example, if 
General Note #3 were omltted, the remaining notes should be numbered 1, 2, 4, 5, 6, etc. 

(1) All construction shall be in accordance with the Klng County Code (KCC), ' ~ o a d  Standards (KCRS), 
and the King County Council's condltlons of prdlmlnary subdlvlslon approval. It shall be the sole 
responslbllity of the appllcant and the profemlonal clvll engineer to correct any error, omlsslon, or 
varlatlon from the above requirements found In these plans. All corrections shall be at no addltlonal 
cost or liablltty to Klng County. 

(2) The design elements wlthln these plans have been reviewed according to the Klng County 
Department of Development and Environmental Servlces (DDES) Engineering Review checklist. 
Some elements may have been overlooked or mlm'ed by the ODES plan reviewer. Any variance 
from adopted standards Is not allowed unless specMcally approved by King County prlor to 
construction. 

(3) Approval of thls road, grading, and dralnage plan does not constitute an approval of any other 
construction (e.g. domestic water conveyance, sewer conveyance, gas, electrical, etc.) 

(4) Before any constructlon or development actlvlty, a preconstructlon meeting must be held between 
the DDES's Development lnspectlon Unlt, the Applicant, and the Applicant's constructlon 
Representative. 

(5) A copy of these approved plans must be on the Job site whenever constructlon Is in progress. 

(6) Construction noise shall be limlted as per Klng County Code (Sectlon 12.88); normally, this Is 7 a.m. 
to 10 p.m. weekdays and 9 a.m. to 10 p.m. on weekends. 

(7) it shall be the appllcant's/contractor's responslblllty to obtain all constructlon easements necessary 
before lnltlating off-site work wlthln the road rights-of-way. 

(8) Franchlsd utllttles or other installations that 'are not shown on these approved plaM shall not be 
constructed unless an approved set of plans that meet all requirements of KCRS Chapter 8 are 
submitted to the ODES'S Development Inspection Unlt three days prior to constructlon. 

(9) Datum shall be KCAS unless otherwise approved by DDES. 

(10) Groundwater system construction shall be wtthln a right-of-way or appropriate drainage easement, 
but not underneath the roadway section. All groundwater systems must be constructed In 
accordance with Sectlon 61 3.02 of the APWA Standard Spec#lcatlons. 

(1 1) All utlllty trenches shall be backfilled and compacted to 95 percent density. 

(12) All roadway subgrade shall be bacMilled and compacted to 95 percent denslty (WSDOT 246.3). 

(13) Open cutting of existing roadways is not allowed unless specfflcally approved by DDES and notedA 
on these approved plans. Any open cut shall be restored In accordance with KCRS 8.03(8)3. 
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(1 4) The Contractor shall be responsible for provldlng adequate safeguards, safety devlces, protecthre 
equipment, flaggers, and any other needed actions to protect the Ilfe, health, and safety of the 
publlc, and to protect property In connection wlth the peiformance of work covered by the 
contractor. Any work,withln the traveled rlgM-af-way that may Interrupt normal trafflc flw shall 
requlre at least one flagger for each lane of traffic affected. All sectlons of the WSDOT Standard' 

. SpecMcatlons 147.23 - Traffic Contrd, shall apply. 

DRAINAGE NOTES 

(1) Proof of Ilabllity Insurance shall be submitted to DDES prior to the preconstnrctlon meetlng (KCC 
. . 

0.04.100.D). 

(2) All plpe and appurtenances shall be laid on a properly prepared foundation In accordance wlth 
WSDOT 742.3(1). Thls shall Include leveling and compacting the trench bottom, the top of the 
foundatlon material, and any requlred pipe bedding, to a uniform grade so that the entlre plpe lap ' 
supported, by a unlformly dense unyleldlng' base. 

(3) Steel plpe shall be galvanized and have asphatt treatment kt1 or better Inside and outside (KCRS 
7.03). 

I I 

(4) All dralnage structures, such as catch W n s  and manhdes, not located within a traveled roadhy or 
sidewalk, shall have solld locking Ilds. 'All drainage structures associated with a' permanent -: 

retentlon/detentlon facility shall have sdld lokklng lids (KCRS 7.05). 

(5) All catch basin grates shall conform to KCRS drawlng numbem 2413,2418,2410, or 2420, 'whlch 
Includes the stamping 'OUTFALL TO STREAM, DUMP NO POUICTANTS' and "Property of Klng 
County' (KCRS 7.05). 

(6) All driveway culverts located within Klng County right-of-way shall be of'sufflclent length to p W e  a 
mln1,mum 3:1 slope from the edge of the driveway to the bottom of the ditch. Culverts shall have. 
beveled end sectlons to match the slde slope (KCRS 7.03(L), Drawing No. 2401). 

(7) Rock for erosion of roadwa$ ditches, where requlred, must be of sound quany rock, '. 
placed to a depth of 1 foot, and must meet the fdlowlng speclflcatlons: 4'8'/40%-70% passing; 
2'- 4' rock/30%-40% passlng; and -2' ~ock/10%-20% passlng. lnstallatlon shall be In accordan$ 
with KCRS 7.02(B) drawlng number 2-024. 

(8) Drainage outlet* (stub-outs) shall be provided for each IndMdual lot, except for those lots appd$& 
for infiltration by' Klng County. Stub-buts 'shall conform to the following: 

. . 

5 
a) ~achoutlet shall be sultably located at the lowest elevatlonon the lot, so as to setvlce all 

future roof downspouts and footlng dralns, drhreways, yard drains, and any other surface'ol 
subsurface dralns necessary to render the lots sultable for thelr Intended use. Each outlet 
shall have free-flowing, positbe dblnage to an approved stormwater conveyance system or 
to an approved outfall location; 

b) , . Outlets on each lot shall be located. with a five-foot-hlgh, 2' x 4' stake marked 'storm' or 
'dralna. The stub-out shall extend above surface level, be vlslble, and be secured to the, 
stake. 

C) Plpe material shall conform to uyierdraln specfflcatbns described In KCRS 7.04 and, I !; 
non-metallic, the plpe shall contaln wlre or other acceptable detection. c 
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d) Drainage easements are required for dralnage systems designed to convey flows through 
IndMdual lots. 

e) The appllcant/contractor Is responsible for coordlnatlng the locations of all stub-out 
conveyance lines wlth respect to the utllltles (e.g. power, gas, telephone, televlslon). 

t) All~lndMdual stub-outs shall be pdvately ovked and maintained by the lot home owner. 

TEMPORARY EROSION AND SEDIMENTTION CONlROL NOTES 

(1) Approval of thls temporaty erosion and sedlmentatlon control (TESC) plan does not constitute an 
approval of permanent road or dralnage design (e.g. she and location of roads, pipes, restrlctors, 
channels, retention facllitles, utllltles, etc.) 

(2) The lmplementatlon d these TESC plans and the constructlon, malnteslance, replacement, and 
upgrading of these TESC facllltles Is the responsibility of the ap@lcant/TESC supetvlsor untll all 
constructlon Is approved. 

(3) The boundaries of the clearing limits shown on thls plan shall be clearly flagged by a continuous 
length of survey tape (or fenclng, If requlred) prlor to constructlon. Durlng the constructlon period, 
no dlsturbance beyond the clearlng limits shall be permitted. The clearlng llmhs shall be maintained 
by the appllcant/TESC supewlsor for the duration of constructlon. 

(4) The TESC facllltles shown on this plan must be constructed prior to or In conjunctlon wlth all 
clearlng and gradlng so as to ensure that the transport of sedlment to surface waters, dralnage 
systems, and adjacent properties Is mln1,mhed. 

(5) The TESC facllltles shown on thls plan are the mlnlmum requirements for anticipated slte condltlons. 
During the constructlon perlod, these TESC facllltles shall be upgraded as needed for unexpected 
storm events and modMed to account for changlng slte condltlons (e.g., additional sump pumps, 
relocation of dltches and silt fences, etc.). 

(6) The TESC facllltles shall be Inspected dally by the appllcant/TESC supetvlsor and maintained to 
ensure continued proper functioning. Written records shall be kept of weekly reviews of the TESC 
facllltles durlng the wet season (Oct. 1 to ,March 31) and of monthly reviews durlng the dw season 
(April 1 to Sept. 30). 

(7) Any areas of exposed soils, Including roadway embankments, that will not be disturbed for two days 
durlng the wet season or seven days during the dry season shall be Immediately stablllzed wlth the 
approved TESC methods (e.g., seedlng, mulching, plastic covering, etc.). 

(8) Any area needing TESC measures, not requiring Immediate attention, shall be addressed wlthln 
Mteen (15) days. 

(9) The TESC facllltles on inactlve shes shall be Inspected and maintained a mlnlmum of once a month 
or wlthln 48 hours following a storm event. 

(10) At no time shall more than one (1) foot of sediment be allowed to accumulate within a catch basin. 
All catch basins and conveyance lines shall be cleaned prlor to pavlng. The cleaning operatlon shall 
not flush sediment-laden water Into the downstream system. 
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C 

(1 I) Stabilized constructlon entrances and roads shali be Installed at the beglnnlng of construction and 
maintained for the duratlon of the project. Additional measures, such b wash pads, may be 
requlred to ensure that ail paved areas are kept clean for the duratlon of the project. 

(12) Any permanent retentlon/detentlon faclllty used as a temporary settling basln shall be modMed wlth 
the necessary eroslon control measures and shall provide adequate storage capacity. if the . , 

' 

, . permanent facility Is to function ultimately as an infiltration system, the temporary faclllty must be 
graded so that the bottom and sldes are'at least one foot above the final grade of the permanent 
facility. 

(13) Where straw muich for temporary eroslon control Is requlred, It shall be applled at a mlnlmum 
thickness 

STRUCTURAL NOTES 
L .  

(1) These plans are approved for standard rqad and, dralnage Improvements only. Plans for structures 
such as bridges, vaults, and retalnlng walls require a separate review and approval by DDES prior to 
construction (KCC 16.04. 1,6.70, 14.20). 

(2): Rocketies are consider@ to be a method of bank stabllizatlon and erosion control., ~ockerles shall 
not be construct@ to setve as retalnlng walls. .All rockerlea shall bq constructed In accordance with 
KCRS drawing nu.mbers.5-004,5-005,5-006, and 5-007. . \ , i  

RECOMMENDED CONSTRUCTION SEQUENCE 
-, i 

Preconstructlon meeting. 
Rag or fence clearing limits. 
Post slgn wlth name and phone number qf TESC supervisor. 
Install catch basin protectlon If requlred. 
Grade and Install constructlon entrance(s). 
Install perimeter protectlon (silt fence, brush barrler, etc.). 
Construct sediment ponds and traps. 
Grade and stabllize construction roads. I , 

Construct surface water controls (Interceptor dikes, plpe slope dralns, etc.) simultaneously with ' 

clearing and grading for project development. 
Malntain eroslon control measures In accordance wlth King County standards and manufacture('8 
recornmendatlons. 
Relocate eroslon control measures or Install new measures so that as site conditions change the, 
erosion and sedlment control Is always In accordance with the Klng County TESC mlnlmum 
requirements. 
Cover all areas that will be unworked for more than seven days durlng the dry season or two days 
during the wet season wlth straw, wood fiber mulch, compost, plastic sheeting or equivalent. 
Stabilize all areas that reach final grade withln seven days. 
Seed or sod any areas to remain unworked for more than 30 days. 
Upon completion of the project, all dlsturped areas must be stabilized and bmps removed If 
approprlate. 
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Performed By: 
Date: 
Project Name: 
DDES Permlt I: 

Clearlng Limits 
Damage 
Vlslble 
lntruslons 
Other 

Mulch 
Rilla/Gullles 
Thickness 
Other 

Nete/Blanketo 
Rilla/Gullles 
Ground Contact 
Other 

Pleetlo 
Team/Gape 
Other 

Seeding 
Percent Cover 
Rills/Gulllea 
Mulch 
Other 

Sodding 
Grass Health 
Rills/Gullles 
Other 

Silt Fenw 
Damage 
Sediment Bulld-up 
Concentrated flow 
Other 

Lueh Barrier 
Damage 
Sedlment Build-up 
Concentrated flow 
Other 

Vegetated Strip 
Damage 
Sedlment Bulld-up 
Concentrated flow 
Other 

Conrtructlon Entranw 
Dimensions 
Sediment Traoklng 
Vehicle Avoidance 
Other 

Conetructlon Road 
Stable [)rlvlng Surf. 
Vehiole Avoidance 
Other 

Sediment TraplPond 
Sed. Accumulation 
Overtopping 
Inlet/Outlet Erosion 
Other 

Catch Baein, Protection 
Sed. Aooumulatlon 
Damage 
Clogged Fllter 
Other 
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Problem 
Problem 
Problem 
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Problem 
Problem 
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Problem 
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Problem 
Problem 
Problem 

Problem 
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Problem 

Problem 
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Problem 
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Problem 
Problem 
Problem 
Problem 

Problem 
Problem 
Problem 
Problem 

Problem 
Problem 
Problem 
Problem 

Problem 
Problem 
Problem 

Problem 
Problem 
Problem 
Problem 

Problem 
Problem 
Problem 
Problem 
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Interueptor DLolSwale 
Damage 
Sed. AcroumulaUon 
Overtopping 
Other 

Pipr Slope Draln 
Damage 
Inlet/Outlet 
Secure flttlnge 
Other 

Ditaher 
Damage 
Sed. Aecumulatlon 
Overtopplng 
Other 

Outlet Protection 
Scour 
Other 

Level Spreador 
Damage 
Concentrated flow 
Rills/Gulliea 
Sed. Aeeumulatlon 
Other 

Mieoellaneour 
Wet Season Stwkpile 
Other 

Actlono Taken: 

. . 

Problem8 Unrerolved: 
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Problem 
Problem 

Problem 
Problem 
Problem 
Problem 

Probleni 
Problem 
Problem . 
Problem 

Problem 
Problem 

Problem 
Problem 
Problem . 
Problem 
Problem ' 

> - 
Problem 
Problem 

, . . . .  - 
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KING COUNTY, WASHINGTON 
SURFACE WATER DESIGN MANUAL 

REFERENCE 10 
PLAN REVIEW PROCEDURES, 
FORMS AND WORKSHEETS 

Predesign Meeting Form 
Technical Information Report (TIR) Worksheet 
Retention/Detention Summary Sheet and 
Sketch 
Declaration of Covenant 
Bond Quantities Worksheets 
Drainage Release Covenant 
Drainage Easements 
Plan Revlew Procedures 
Variance Process Guidelines 
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KING COUNTY, WASHINGTON 
SURFACE WATER DESIGN MANUAL 

REFERENCE 10-A 
PREDESIGN MEETING FORM 





MEETING NOTES 

I s  a p u b l i c  hear ing  requ i red  . f o r  t h i s  p r o j e c t ?  Yes - No 
Date o f  p u b l i c  hear ing  

. . . . 

Has t h e  King County Counci l  approved t h e  hear i  ng examiner's cond i t i ons?  - Yes No 
- ,  

Hear ing Examiner's F i n a l  Report Date 
i s  attached. 

Condi t ions No. 's  r e l a t e d  t o  drainage review and 
a r e '  c i r c l e d  on t h e  a t tached repor t .  

, ,. . , . 

. I s  t h e  p r o j e c t  i n  a  c r i t i c a l  Drainage Basin? - Yes 
7 

No 

Are o f f - s i t e  drainage basins . c o n t r i b u t i n g  t o  o n - s i t e  f lows? - Yes No 

Ref  e  rence/Source 

0 Is t h e  S i t e  l o c a t e d  w i t h i n  a .Community Plannlng Area? 

- Yes - N 0 



On-s i te  Fea tures  

Steep s lopes Yes - N o  

R e f e  r e n c e / ~ o u r c e  

Wet a reas ,  s p r i n g s ,  seeps - Yes - No 

R e f e  rence/Source 

Streams, Creeks,  Dra inage  Swales, Spr ings - Yes - No 

~ e f e  r e n c e / ~ o u r c e  

N a t u r a l  D r a i n a g e  Fea tures  Ons i te  t o  be a l t e r e d  - Yes N o 

M i t i g a t i o n s  f o r  A l t e r e d  N a t u r a l  F e a t u r e s  



S e n s i t i v e  Areas Revfew 

Class I 1  I Landslide Hazards - Yes .. N o  - 

Class I 1 1  Seismic. Hazards - Yes N o 

Ref e r e n c e / ~ o u r c e  

~ r o s i o n  Hazards Yes N o  

Refe rencelsource 
4 

Wetlands Yes - .  - N 0 

Refe rence/Source 
I .. . 

Anadromous Fish-Bearing Waters Yes 
7 ,  

N 0 



100-year F l  ood P l a i n  - Yes - N 0 

Refe rence/Source 

Coal Mine Hazards - Yes - No 

Refe  rence/Source 

0 Is a S o i l s  Report  Requ i red?  - Yes - No 

D e t e n t i o n  Reaui red?  - Yes - No 

A d d i t i o n a l  s t o r a g e  requirements  f o r  ' c r i t i c a l  b a s i n ,  f o r  o n - s i t e  
depression,  wet lands,  downstream . .  . hazard.  

S ~ e c i  f i c  Type of D e t e n t i o n  

Ma nma de 



Natura l  Drainage Features 

100-year Flood P l a i n  - Yes N o 

Out fa1 1 Locat i o n  ( s )  ' 

. .., . 

. . .- . 

r Downstream Analys is  - Capaci ty  o f  Erosion Problems? 

r I s  a S t a t e  ~ i s h e r i  es Hydrau1,ic Permit  ~ p p l  i c a t i o n  Required? 

- Yes . No 

. , 

r Is a Flood ~ l a ' i n  Analysis Requl red? - Yes. .No 
. . . . 

~ - 
. . 



r I s  a  N a t i v e  Growth P r o t e c t i o n  Easement Requi red? 

- Yes - N 0 

O t h e r  Easements 

A1 1  s u b d i v i s i o n ,  S h o r t  S u b d i v i s i o n ,  Commercial and Grad ing  p l ans  must be 
des igned  t o  K i n g  County Road Standards,  and K ing  County Storm Dradnage 
G u i d e l i n e s  and Requirements. A l l  s t o r m  d ra inage  m a t e r i a l s  and concepts  must 
comply  w i t h  these standards.  . D i r e c t i o n  g i ven  t o  a p p l i c a n t s  i s  based upon 
t h e  b e s t  i n f o r m a t i o n  a v a i l a b l e  on o r  b e f o r e  t h e  me'eting. Should  s i t e  
c i  rcumstances change o r  new i n f o r m a t i o n  become avai.1 a b l e  t h e  d i  r e c t  i o n  
p r o v i d e d  b y  K ing  County r e p r e s e n t a t i v e s  may be r e v i s e d  i n  accordance w i t h  
t h e  newer c i  rcumstances o r  c o n d i t i o n s .  Hear ing  Examiner ' s  c o n d i t i o n s  as 
adopted b y  Counc i l  a re  b ind ing .  Where c o n f l i c t s  occur  t hose  c o n d i t i o n s  
adopted by  t h e  K ing  County Counc i l  w i l l  apply. The p e r m i t t e e  i s  u l t i m a t e l y  
r e s p o n s i b l e  f o r  p r o v i d i n g  a  p l a n  des ign  t h a t  conforms t o  a l l  K i n g  County 
Codes, Regu la t i ons  and P o l i c i e s .  

K i n g  County S t a f  f /Pos i  t i o n / D a t e  Deve loper ' s  Rep resen ta t i ve /F i rm  

Devel oper 's  Rep resen ta t i  ve/F i rm 

Devel o p e r ' s  Representat  i v e j F i  rm 
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KING COUNTY, WASHINGTON 
SURFACE WATER DESIGN MANUAL 

REFERENCE 10-B 
TECHNICAL INFORMATION 
REPORT (TIR) WORKSHEET 



Page 1 of 2 

King County Bulldlng and Land Development Dlvlslon 
TECHNICAL INFORMATION REPORT (TIR) WORKSHEET 

Project Owner 
Address 
Phone 
Project Engineer 
Company 
Address Phone 

Project Name 
Location 

Township 
Range 
Section 

Project Size AC 
Upstream Drainage Basin Size AC - 

Community 

0 Subdivision 
0 Short Subdivision 

Grading 
0 Commercial 

Other 

Drainage Basin 

DOFIG HPA 0 Shoreline Management 

COE404 a ' Rockery 
0 DOE Dam Safety Structural Vaults 

0 FEMA Floodplain Other 

0 COE Wetlands HPA 

River 0 Floodplain 
a Stream Wetlands 
0 Critical Stream Reach 0 SeepsISprings 
0 Depressions/Swales High Groundwater Table 
0 Lake 0 Groundwater Recharge 
0 Steep Slopes 0 Other 
0 LakesideIErosion Hazard 

Soil Type Slopes Erosion Potential Erosive Velocities 

8 .  . . . . 

0 Additional Sheets Attatched 
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Klng County'Bulldlng and Land Development Dlvlslon 

TECHNICAL INFORMATION REPORT (TIR) WORKSHEET 

r-L&F LIMITATIONISITE CONSTRAINT 

0 Ch. 4 - Downstream Analvsis 
0 
0 
0 
0 
cl 
0 Additional Sheets Attatched 

, ,. 

MINIMUM ESC REQUIREMENTS 
DURING CONSTRUCTION 

0 Sedimentation Facilities 
0 Stabilized ~onstruction Entrance 
0 Perimeter Runoff Control 
0 Clearing and Grading Restrictions 
C] Cover practices . . 
0 Construction sequence 
0 Other 

MINIMUM ESC REQUIREMENTS 
FOLLOWING CONSTRUCTION 
Stabilize ~xposed Surface 
Remove and Restore Temporary ESC Facilities 
Clean and Remove All Silt and Debris 
Ensure Operation of Permanent ~acilities 
Flag Limits of NGPES 
Other. 

I 0 Grass LinedChannil Tank Infiltration Method of Analysis , . 
0 Pipe System 0 Vault 0 Depression 7.  . 

0. Open Channel 0. Energy Dissapator 0 Flow Dispersal . CompensationMiti ation ' 

Dry Pond Wetland 0 Waiver of Eliminated Site dorage. 

0 Wet Pond 0 Stream 0 Regional Detention 

Brief Description of System Operation 1: 
I' Facility Related Site Limitations 

Reference Facility Limitation 
0 Additional Sheets Attatched 

. 

0 Native Growth Protection Easement - 

I or a civil engineer under my supervision have visited the site. Actual / 

site conditions as observed were incorporated into this worksheet and the 
attatchrnents. To the best of my knowledge the information provided 
here is  accurate. BbnmVDrte 
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K I N G  C O U N T Y ,  W A S H I N G T O N ,  S U R F A C E  W A . T E R  D E S I G N  M A N U A L  

RETENT~ON/DETENT~ON SUMMARY SHEET 

Development Date 

Location 

ENGINEER DEVELOPER 
Name Name 
Firm Firm 
Address Address 

Phone Phone 

Developed Site a c r e s  Number of Lots 

Number of Detention Facilities On Site 

Detention provided in regional facility 0 
Regional Facility location 

No detention required 0 
Acceptable receiving waters 

Downstream Drainage Basins 

Immediate Major Basin 
Basin A 

Basin B 

Basin C 

Basin D 

Drainage ~asin(s) 

Onsite Area 

Offsite Area 

Type of Storage Facility 

Live Storage Volume 

Predeveioped Runoff Rate 

Postdeveloped Runoff Rate 

Developed Q 
Type of Restriction 

Size of OrificelRestriction 

OrificeIRestriction 

TOTAL 

2 year 
10 year 

100 year 
2 year 

10 year 
100 year 

~ o . 1  
N0.2 
No.3 
No.4 
N0.5 

A 

. 

BASIN 

C 

-- 

INDIVIDUAL 

8 D 

I 



K I N G  C O U N . T Y ,  W A S H I N G T O N , ' S U R F A C E  W A T E R  D E S I G N  M A N U A L  

RETENTIONIDETENTION SUMMARY SHEET SKETCH 
All retention/detention summary sheets must include a sketch prepared to the following criteria: 

1. ~eading for , the drawings should be located a t  the top of the sketch, pre- ' 

ferably a t  the top. right hand corner. 
. . 

The heading should contain: - North arrow point up or to the left  - D9# - Plat name or Short Plat n u b r  - Date drawn or updated . , 

- Address (nearest the site) - Thomas Brothers page and grid number - Maintenance Division number 

2. Label CB's and MH's w i t h  the plawand profile designation. 
Label the control. structrue i n  writing or abbreviate with C.S. or 
0. W. S. 

3. Pipes - indicate: - Pipe size - pipe lenghth - F l w  direction - Use a single, heavyweight line 
/do'- 19. .Ocswr . , Example : 

4. Tanks - use a .double, heavyweight ,t$d indicate the size 
Example : 0 72" 

5. Access Mads - Outline the limits of the road - F i l l  the outline w i t h  dots i g  theroad is gravel. Label i n  wri t ing if 
it. is another surface 

6. Other Standard Symbols: 

- Rip Rap - ,Fences - Ditches 'ury D- 0'-0 

7. Label trash racks i n  writing. 
3'- iz' 

Example : #rash rack c/V 

8. Label a l l  streets with the actual street sign designation, If ycn~ don't 
know the actual street name, consult the plat map. ' 

9. Include easements and lot  lines or tract limits when possible. 

10. Arrange a l l  the labeling or writing to 'mad £ran lef t  to right or fran 
bottom to top w i t h  refererice .to a proprly oriented heading. 

11. Indicate driveways or features thaf may impact o u r  access, maintenance or 
replacement. . , 



K I N G  C O U N T Y ,  W A S H I N G T O N ,  S U R F A C E  W A T E R  D E S I G N  M A N U A L  

KING COUNTY, WASHINGTON 
SURFACE WATER DESIGN MANUAL 

REFERENCE 10-D 
DECLARATION OF COVENANT 



A f t e r  reco rd ing  r e t u r n  t o :  

DECLARATION OF COVENANT 

IN  CONSIDERATION OF the  approved King County 

permi t  f o r  appl i c a t i  on No. 

re1  a t  i ng t o  r e a l  p roper ty  1 egal l y  descr ibed as f o l l  ows: 

The undersigned as Grantor(s) , decl  ares t h a t  t h e  above described p rope r t y  

i s  hereby sub jec t  an easement f o r  a n a t u r a l  o r  constructed conveyance system 

and hereby dedicates,  covenants and agrees as fo l l ows :  

1. K ing  County s h a l l  have the  r i g h t  t o  ingress  and egress over those 

por t i .ons n o t  conta ined i n  E x h i b i t  "A" t o  access. such easement area f o r  inspec- 

t i  on o f  a,nd t o  reasonably, moni tor  the  system f o r  performance, opera t iona l  

f lows,  o r  de fec ts  I n  accordance w i t h  and [.as presented i n  King County Code 

Sect ion  9.04.1201. 

2 .  I f  K ing  County determines t h a t  maintenance o r ,  r e p a i r  work i s  

requ i red  t o  be done t o  the  system, the  Manager o f  t he  sur face Water Management 

D i v i s i o n  o f  t h e  Department o f  Pub l ic  Works s h a l l  g i v e  n o t i c e  o f  t he  s p e c i f i c  

maintenance and/or r e p a i r  requ i red  pursuant t o  K.C.,C. 9.04.030. The Manager 

s h a l l  a l so  s e t  a reasonable t ime i n  which such work i s  t o  be completed by t h e  

Grantor(s) ,  i t s  h e i r s ,  successors o r  assigns. I f  the  above requ i red  



maintenance and/or r e p a i r  i s  n o t  completed w i t h i n  t h e  t ime s e t  by t h e  Manager, 

t h e  County may perform t h e  r e q u i r e d  maintenance and/or r e p a i r .  W r i t t e n  n o t i c e  

w i l l  be sent  t o  t h e  Grantor(s)  s t a t i n g  t h e  County's i n t e n t i o n  t o  per form such 

maintenance. Maintenance work wi  11 n$t  commence u n t i l  a t  l e a s t  seven . (7 )  days 

a f t e r  such n o t i c e  i s  mai led. I f, w i t h i n  t h e  so le  d i , sc re t i on  o f  t h e  Surface 

- Water Management D i v i s i o n  Manager, t h e r e  e x i s t s  an imminent o r  present  danger, 

s a i d  seven (7) day n o t i c e  p e r i o d  w i l l  be waived and maintenance and/or r e p a i r  

work w i l l  begin immediately. 

3 .  I f  a t  any t ime -King County reasonably determines t h a t  any e x i s t i n g  t 

r e t e n t i o n l d e t e n t i o n  system creates  any o f  t h e  cond i t i ons  1 i s ted  i n  ' C  

K. C.  C.  9.04.030 and he re in  i ncorporat'ed by reference,  t he  Surface Water 4 I 

Management D i  v i  s i  on Manager may ' ta'ke measures s p e c i f i e d  t h e r e i n .  

4. The Grantor(s) sha l l ,  assume a l l .  r e s p o n s i b i l i t y  f o r  t h e  cos t  o f  any , 

maintenance and f o r  r e p a i r s  t o  t h e  syqtem. Such r e s p o n s i b i l  i t y  s h a l l  i n c l  ude 

reimbursement t o  the  County w i t h i n  t h i r t y  (30) days o f  t he  r e c e i p t  o f  t h e  

i n v o i c e  f o r  any such work performed. overdue payments w i l l  r e q u i r e  payment o f  

i n t e r e s t  a t  t h e  cu r ren t  1 egal r a t e  ds 1 i q u i d a t e d  damages. ' I f  l e g a l  a c t i o n  

ensues, t h e  p r e v a i l i n g  p a r t y  i s  e n t i t l e d  t o  cos ts  o r  fees. 

5 .  The Grantor(s) i s  (are) he,reby. requ i red  t o  ob ta in  w r i t t e n  approval 

f rom t h e  Sur face  water Management D i v i s i o n  Manager o f  t he  K ing  County 

Department o f  Pub l i c  Works p r i o r  t o  f i l l i n g ,  p ip ing ,  c u t t i n g ,  o r  removing veg- 

e t a t i o n  (except i n  r o u t i n e  1 andscape qaintenance) i n  open vegetated dra inage 

f a c i l  i t i e s  (such as swales, channels, d i tches ,  ponds, pond, e tc . ) ,  o r  perform- 

i n g  any a1 t e r a t i o n s  o r  m o d i f i c a t i o n s  t o  t h e  drainage f a c i l  i t i e s  conta ined 

w i t h i n  s a i d  drainage easement. Any n o t i c e  o r  consent requ i red  t o  be g iven o r  



otherwise prov ided f o r  by t h e  p rov i s ions  o f  t h i s  Agreement s h a l l  be e f f e c t i v e  

upon personal d e l  i v e r y ,  o r  t h ree  (3) days a f t e r  ma i l  i n g  by C e r t i f i e d  Ma i l ,  

r e t u r n  r e c e i p t  requested. 

6. This Agreement c o n s t i t u t e s  the  e n t i r e  agreement between t h e  p a r t i e s ,  

and supersedes a1 1  p r i o r  d iscussions,  negot ia t ions ,  and a1 1  agreements whatso- 

ever whether o r a l  o r  w r i t t e n .  

This  covenant i s  in tended t o  p r o t e c t  t he  value o f  d e s i r a b i l i t y  o f  the  

r e a l  p roper ty  descr ibed above, and s h a l l  insure  t o  t h e  b e n e f i t  a l l  t h e  c i t i -  

zens o f  King County, and s h a l l  be b ind ing  on a l l  he i r s ,  successors and 

assigns. 

OWNER 

OWNER 

STATE OF WASHINGTON ) 
COUNTY OF KING ) ss. 

On t h i s  da te  pe rsona l l y  appeared before  me: 

, t o  me known t o  be t h e  
i n d i v i d u a l  (s )  descr ibed i n  and who executed the  w i t h i n  and fo rego ing  i n s t r u -  
ment and acknowledged t h a t  they  signed t h e  same as t h e i r  f r e e  and vo lun ta ry  
a c t  and deed, f o r  t he  uses and purposes t h e r e i n  s tated.  

Given under my hand and o f f i c i a l  seal t h i s  day o f  
, 199 . 

NOTARY PUBLIC i n  and f o r  t he  S ta te  o f  
Washington, r e s i d i n g  a t  
My Commission Expires: 



K I N G  C O U N T Y ,  W A S H I N G T O N ,  S U R F A C E  W A T E R  D E S I G N  M A N U A L  

KING COUNTY, WASHINGTON 
SURFACE WATER DESIGN MANUAL 

REFERENCE 10-E 
BOND 'QUANTITIES WORKSHEET 

Commercial/Multifamily Group 
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K I N G  C O U N T Y ,  W A S H I N G T O N ,  S U R F A C E  W A T E R  D E S I G N  M A N U A L  

KING COUNTY, WASHINGTON 
SURFACE WATER DESIGN MANUAL 

REFERENCE 10-F 
DRAINAGE RELEASE COVENANT 



. A f t e r  record ing  r e t u r n  t o :  

.DRAINAGE RELEASE COVENANT 

Thi  s  agreement made t h i  s  day o f  , 19-, 

, h e r e i n a f t e r  c a l l e d  t h e  

GRANTOR, and KING COUNTY,' a  p o l i t i c a l  subd iv i s ion  o f  t h e  S ta te  o f  Washington, 

h e r e i n a f t e r  c a l l  ed t h e  GRANTEE, and whereas GRANTOR represents and warrants 

t h a t  i t  i s  t he  owner i n  f e e  o f  t h a t  c e r t a i n  parcel  o f  land,  descr ibed as 

f 01 1  ows : 

and whereas t h e  GRANTEE i s  implementing an approved drainage p lan  f o r  a  

p r o j e c t  known as , permi t  no. s 

on lands l oca ted  a t  t h e  above desc r ip t i on ,  which s a i d  p lan  s h a l l  d i v e r t  sur- 

face  and storm waters f rom i t s  n a t u r a l  course so as t o  cause them t o  f l o w  

(onto) /(away from) the  1  ands o f '  GRANTOR; NOW THEREFORE i n  cons ide ra t i on  o f  

e i t h e r  GRANTEE approval o f  d i v e r s i o n  o f  sa id  p lan  and/or o t h e r  va luab le  

cons idera t ion ,  r e c e i p t  o f  which i s  hereby acknowledged, t he  GRANTOR hereby 

w i l l f u l l y  acknowledges, agrees and consents t o  the  d i v e r s i o n  o f  sur face and. 

s torm waters (onto)/(away from) i t s  lands and t o  h o l d  and re lease GRANTEE 



harmless f o r  any damage t h a t  may be caused by such d ive rs ion  o f  f low. This 

release sha l l  be a covenant running w i t h  the land and s h a l l  be b ind ing upon 

GRANTOR' and i t s  he i rs ,  successors and assigns - forever.  

IN WITNESS THEREOF, the pa r t i es  hereto have hereunto set  t h e i r  hands: 

GRANTOR 

GRANTOR 

STATE OF WASHINGTON ) . 
COUNTY OF KING ) ss. 

On t h i s  date personal ly  appeared before me: 

, t o  me known < t o  be the 
ind iv idua l  (s)  described i n  and who executed the w i t h i n  and foregoing i ns t r u -  
ment and acknowledged t h a t  they signed the same as t h e i r  f r ee  and voluntary 
act  and deed, f o r  the uses and purposes there in  stated. 

Given under my hand and o f f i c i a l  seal t h i s  day o f  
, 1 9 9  . 

NOTARY PUBLIC i n  and f o r  the  State of 
Washington, resid i 'ng a t  
My. Commission 'Expires: . 
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A f t e r  reco rd ing  r e t u r n  to :  

DRAINAGE EASEMENT 

For a va luab le  considerat ion,  r e c e i p t  o f  which i s  hereby acknowledged, 

the  GRANTOR(s), . 

t he  owner(s) i n  fee o f  t h a t  c e r t a i n  parce l  o f  land, l e g a l l y  described as 

fo l l ows :  

hereby g ran t  and convey a(an) [exclusive/non-exclusive] easement (at tached and 

incorpora ted  as E x h i b i t  "A" )  t o  King County, a p o l i t i c a l  subd iv is ion  o f  t he  

S ta te  o f  Washington, (GRANTEE) f o r  the  purpose o f  conveying, s to r i ng ,  managing 

and f a c i l i t a t i n g  storm'and sur face water pe r  an engineer ing p lan  approved by 

~ i n ~ ' C o u n t y  f o r  t h e  p r o j e c t  known as: 

- -- - - - - 

together  w i t h  t h e  r i g h t  f o r  King County t o  reasonably [ ingress  and egress t o ]  

en te r  s a i d  drainage easement f o r  t he  purpose o f  operat ing, mainta in ing,  

r e p a i r i n g ,  and improving the  drainage f a c i l i t i e s  conta ined here in.  



The GRANTOR(s) o f  s a i d  parce l ,  i s  (are)  requ i red  t o  o b t a i n  p r i o r  w r i t t e n  

approval from t h e  Surface Water Management D i v i s i o n  o f  t he  K.ing County 

Department o f  Pub1 i c  Works p r i o r  t o  f i l l  ing ,  p ip ing ,  c u t t i n g ,  removing vegeta- 

t i o n  o r  s u b s t a n t i a l l y  mod i fy ing  o r  a l t e r i n g  t h e  intended use o f  t h e  dra inage 

f a c i  1 i t y  conta ined w i t h i n  t h e  easement above descr ibed (except f o r  seasonal, 

r o u t i n e  1 andscape maintenance) . 

. ' T h i s  easement i s  intended t o  f a c i l i t a t e  reasonable access t o  t h e  dra inage 
. . 

f a c i l i t i e s .  It i s  b ind ing  upon t h e  GRANTOR(s), ' i t s  he i r s ,  successors and 

assigns. i', 

. . 
GRANTOR 

GRANTOR 

STATE OF WASHINGTON ) 
COUNTY OF KING ) ss. 

On t h i s  date' persona l ly  appeared before  me: 

, t o  me known t o  be t h e  
i n d i v i d u a l  (s)  described i n  and who executed t h e  w i t h i n  and fo rego ing  i n s t r u - ,  , 

I 

ment and acknowledged t h a t  they  signed t h e  same a s , t h e i r  f r e e  and vo lun ta ry  
' 

a c t  and deed, f o r  t h e  uses and purp,oses t h e r e i n  s tated.  

Given under my hand and o f f i c i a l  seal t h i s  day o f  
, 199-. 

NOTARY .PUBLIC i n  and f o r  t h e  S t a t e  o f  
Washington, r e s i d i n g  a t  
My Commission Expires: 
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K I N G  C O U N T ' Y ,  W A S H I N G T O N ,  S U R F A C E  W A T E R  D E S I G N  M A N U A L  

PLAN REVIEW PROCEDURES 

This reference section details the reqtiired procedures for the submittal of the drainage aspects of 
engineering plans as part of a permit application to the King County Building and Land Development (BALD) 
Division. Taking care that your plans comply with these formats and plan specifications will help secure a 
prompt review and approval, with a minimum of ,time-consuming corrections and resubmittals. 

The intent of these procedures is to present consistent formats for the engineering plans and the technical 
support data required to develop the plans. These conventions are necessary to review engineering plan 
designs for compliance with King County ordinances and regulations and that the intent of the plan is 
easily understood and implemented in.the field. Properly drafted engineering plans and supporting 
information will also facilitate the construction, operation and maintenance of the proposed system long 
after its review and approval. 

Please note that this reference section primarily describes how to submit drainage plans for review - what 
must be submitted, in what formats, at what times, to what offices. The design requirements that these 
plans must address are contained in Chapter 1 "Summary and Guide to All Requirements." The specific 
design methods and standards to be used are contained in Chapters 3, 4 and 5. 

Several key forms used in the Plan review process.are reproduced in this reference section. The review 
process and submittal requirements for Master Drainage Plans are contained in5Appendix B. 

BUILDING AND LAND DEVELOPMENT DIVISION REVIEW PROCESS 

The BALD Division is responsible for the review of all engineering aspects on private development 
proposals. Drainage review is a primary concern of engineering design. This section outlines the 
processes involved in submitting engineering plans to the BALD Division. 

The steps in the review process vary with the type of development permit which occasioned the drainage 
review. The two main plan review processes are illustrated in the two flow charts, Figures A and B. 
Figure A represents the procedures required for a Subdivision, Short Plat, Master Planned Development or 
Planned Unit Development (PUD). Figure B represents the procedures required for a Commercial Building 
Permit or a Grading Permit. The reader should note that the processes illustrated apply to fairly complex 
proposals. The review procedures for simpler permits are correspondingly simpler. For detailed information 
on specific requirements on any permit type, please refer to the Development Assistance Bulletins prepared 
by the BALD Division for this purpose. 

Submittals - All Subdivisions, Short Plats, Planned Unit Developments, Master Planned Developments, 
Binding Site Plans, and right-of-way use permit applications should be submitted to the BALD Subdivision 
Products Section. All Commercial Building and Grading Permit applications should be submitted to the 
Commercial/Multi-Family Products Section. All Conditional Use and Shoreline Permit applications should be 
submitted to the Land Use Control Section. All Special Use Permit applications should submitted to the 
Real Property Division. 

The initial submittal of any type of permit application shall include: 

( 1 )  documentation on how the Core and Special Requirements apply to the project; 
(2) a downstream analysis (Core Requirement #2: Off-Site Analysis); AND 
(3) environmental checklist. 

All preliminary and engineering plans and specifications must be stamped by a professional civil engineer 
registered in the State of Washington. All reproductions of site improvement plans and the cover page of 
copies of the Technical Information Report submitted milst be signed and dated by the professional civil 
engineer approving the design. 

All land boundary surveys used, and legal descriptions prepared, for preparing preliminary and engineering 
plans must be stamped by a professional land surveyor registered in the State of Washington. Topographic 
survey data and mapping prepared specifically for a proposed project may be performed by the professional 

L 
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civil engineer stamping the engineering plans as allowed by the Washington State Board of ,Registration for 
Professional Engineers and ,Land Surveyors. 

PRELIMINARY PLANS SUBMllTAL 

Preliminary plans are submitted as part of the initial application. 

Used for public review and evaluation, the preliminary plans for regular Subdivisions (i;e., "Plats"), Master 
Planned Developments and Planned Unit Developments must show lot layout, building locations, road 
alignments and right-of-way, tracts, site topography and other site features. In addition, the supporting 
documents specified in Section 2.2.1 must accompany the preliminary plans for these developments. 

For Subdivisions, Master planned ~eve lo~hen t s  and Planned Unit Develbpments, the BALD ~ iv is ion may 
also require a conceptual drainage design to address any drainage concerns (such as wetlands, steep 
slopes, floodplains, etc.) identified on the plan or through site visits. The components of this design will 
vary from project to 'project, but always will consist of elements of the Technical lnformation Report, such 
as "Project Overview", "Off-site Analysis", "Conveyance System Analysis and Design", etc., described in - . 
Section 2.2. These elements will be determined by the,conclusion'of the SEPA Threshold Determination, if - 
not earlier. 

. . I s 

Preliminary plans for Shon Plats are simpler, requiring only a plot plan showing the configuration of the 
lots, access: and other tracts.. Conceptual drainage designs are never required for Shon Plats. 

Preliminary plans are not required at all for Commercial Building, Conditional Use, Grading, Residential 
Building, Right-of-way Use, Shorelines Management or Special Use"P&mits. For these permits the initial 
submittal to the BALD Division is a set of engineering plans. ['"I 

, . 
ENGINEERING PLANS SUBMllTAL . 

, . 

An engineering plan will be required if: 

o a hydrologic, geotechnical, or soils analysis is required; OR ' 2  

o new drainage facilities must be constructed, or,existing drainage facilities modified; OR . il 
;,ri: 

o site restrictions (such as building setback lines, floodplain limits and drainage easements) are ii 

required. . 
1 .  

The drainage portion of engineering plans shall consist of: 

o a Technical Information Report . (TIR) 
(specified in Section 2.3.1 and' 

o , ' a set of Site Improvement Plans 
(specified in Section 2.3.2) 

Exem~tian: 'Leis stringent requirements apply to certain individual Residential Building Permits and to Short 
Plats, as described in Section.2.3. 

. . /I 

Subdivisions,, Planned Unit Developments, and Master Plan Developments must receive preliminary 
approval prior to.submitting engineering plans for apprpval. The plans shall be submitted at least 60 days 
prior to the expiration of the'preliminary approval. (see Figure A) 

Commercial Building Permits and Grading Permits, requiring engineering site plan review require engineering 
plans at the time of application. (see Figure B) ,, ' 

Refer to the Development Assistance Bulletins for.specific details as to.the number of copies and other 
requirements, such as the expiration periods set for each type of permit application. 
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All applicable review fees shall be paid at the time of plan submittal andlor approval. Please refer to the 
current fee ordinance for the specific fees. 

Following Plan approval of any Subdivision, Planned Unit Development, Binding Site Plan or Shon Plat plan, 
the BALD Division will make a set of reproducible plans,. cost to be paid by the applicant, and return the 
original set. to the applicant's engineer. The BALD Division will retain this reproducible, utilizing it to make 
copies for public inspection, distribution and base reference as recjuired. At the time the development 
construction is approved by King County, the BALD Division set of reproducibles shall be replaced by the 
corrected original set for permanent public records at the Department of Public Works map counter, 9th 
floor, King County Administration Building. 

PLAN CHANGES AND REVISIONS AFTER PERMIT ISSUANCE 

If changes or revisions to the originally approved plans require additional review, the revised plans shall be 
submitted to the BALD Division for approval prior to construction. The plan change submittals shall be 
accompanied by: 

o the appropriate Plan Change Order form(s) 
o one copy of the revised TIR 
o three sets of the engineering plans 

Proposed changes shall be highlighted, and the pagelsheet shall include a revision title block. The revision' 
block shall include the change or revision number, description, the date and initials of the person making 
the revisions, and the date and professional civil engineer's initials and space for approval initials. The 
change order number shall also be shown in a small triangle next to the revision on the plan andlor report 
sheetlpage. If a project has held a pre-construction conference and begun construction, all changes or 
revisions shall be initiated through the field inspector. Plan changes and revisions shall be prepared, 
reviewed and processed as described above for engineering plan submittals. 

FINAL CORRECTED PLAN SUBMllTAL 

During the course of construction, changes to the approved plan are often required to address unforeseen 
field conditions or plan design improvements. Once construction is completed, it is the applicants 
responsibility to submit to the BALD Division, a "Final Corrected Plan" which is an engineering drawing that 
accurately represents the project as constructed. These corrected drawings must be professionally drafted 
revisions applied to the original approved plan and include all changes made during the course of 
construction, except that the erosionlsedimentation control plan should not be included. The final 
corrected plan must be stamped, signed and dated by a civil engineer registered in the State of 
Washington. 

FINAL RECORDING SUBMITTAL 

Any Subdivision or Planned Unit Development to be "finaled", thereby coinpleting the subdivisions process 
and legally forming the new lots, requires a final plat submittal for approval and recording. Any Binding 
Site Plans also require a final submittal for approval and recording. The final plat or map page, shall 
contain the elements summarized in Section 2.4 and specified in detail in Development Assistance bulletins 
published by the BALD Division. Submittals shall be accompanied with appropriate fees as prescribed by 
ordinance. 

Final submittals shall be allowed only after the approval of preliminary plans and any required engineering 
plans and after the construction of any required drainage facilities. Final applications for Short Plats may 
be submitted along with engineering plan submittals. 

Final submittals shall be submitted at least 60 davs prior to expiration of preliminary approval, as modified 
by any written approved extension. 

The final recording is allowed when the preliminary plan, (and engineering plan, when required) and &I 
conditions of preliminary approval are satisfied. Exception: a developer may be allowed to record a 
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subdivision prior to completing all. site improvements provided a bond or other surety is posted which 
guarantees all site improvements will be completed within one year from recording. 

All final plat map sheets and' pages shall be prepared by a professional land surveyor registered in the State 
of Washington and shall conform with all state and . local . statutes. 

No permit other than a Subdivision or Planned Unit Development will require submittal of a final plat for 
recording. 
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REFERENCE. 10-1 
VARIANCE PROCESS GUIDELINES 

1.0 PRWPPLICATION VARIANCE PROCESS 

This process is used when the applicant needs a variance decision to determine if a project is feasible 
or the results are needed to determine if a project is viable before funding a full application. 
Preapplication variance requests will be accepted when 1 I an issue is raised or a potential constraint 
is identified at a preapplication conference with DDES, and 2) sufficient engineering information to 
evaluate the request is provided. A higher preapplication variance fee will apply to these requests, and 
any unused variance fee will be credited towards the permit application fee. 

Steps in the processing of a preapplication variance shall include: 

0 A DDES preapplication conference is scheduled at which the applicant provides justification that 
a decision on the variance will effect viability of the project. An example could include a need to 
divert flows due to a downstream problem. 

Additional information and site visits may be requested due to the limited data and lack of prior 
project review by King County. 

A preapplication deposit is required and fee for review will be an hourly rate billing applied against 
the deposit. Any unused fees could be returned to the applicant. Any fees in excess of the 
deposit must be paid'prior to the issuance of a decision. 

0 For approved preapplication variance, the applicant can apply that approval to the applied for 
permit proposal provided conditions of the approval are met, the proposal has not substantially 

.changed and the applicable regulations have not changed. This will be determined by DDES. 

The criteria for granting a preapplication variance are the same as for a Standard or Complex variance. 
However, preapplication variances will be tied by condition to the project proposal presented at the 
preapplication meeting. The appeal process is also the same as for a Standard variance or a Complex 
variance. This approval will expire 1 year after the approval date, unless a complete permit application 
is submitted and accepted. 
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2.0 . EXPERIMENTAL DESIGN VARIANCE PROCESS 

This process is used for proposing new designs or methods different from those in the manual, that 
are not site specific, and where data sufficient to establish functional. equivalence does not exist. 
Experimental design proposals will be submiqed to DDES for processing review and recommendations 
and forwarded to SWM for review. These variances will incur a special review fee as adopted in the 
King County DDES fee ordinance. Experimental variances should be submitted prior to development 
permit application since they may take longer than a typical variance to review. 

Upon approval of the variance by the SWM Division Manager, the applicant can use the design or 
method in a development proposal without applying for a site specificwariance. This,type of variance 

' 

is provided to encourage innovation on'the part of the development community. It also can expedite 
the review and development of alternative dqtsigns for incorporation in future Manual updates. , 

Steps in the application for an Experimental Design Variance will include: 
5 . ,  
, ... .,. 

The application for variance is preferably submitted prior'to engineering plan'review due to the 
extended review period that may occur. However, it may occur at any permit stage prior to final 
plan approval. 'If the review time is to .eyceed the .time outlined in Section 1.4, staff will provide 
an estimate of the additional time necessary to complete the review within 10 working days of 
submittal of the' variance. 

. , . , ., 

Review will follow the Standard or Complex variance procedure. DDES may forward to SWM' 
' t  

without a. recommendation. . . 

DDES will process and bill the applicant. 
17 I - 

Justification supporting comparable performance of the proposed system to a standard desi~y,fs 
required. Where uncertainty or lack of supportive literature or performance testing existi, 
monitoring may be applicable with joint ~articipation end funding between King County and the 
applicant. 

Only a limited number of experimental variances for a particular facility or method will be granted, If 
the design proves successful, SWM and DDES may establish a blanket variance for the design uhi l  
such time as it can be incorporated in the Design Manual by formal update. The appeal process is also 
the same as for a Standard variance or a Complex variance. I t  

*, - t 
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3.0 FEE REDUCTION PROCESS 

This process is used for variances that are determined to meet either of the conditions A or B identified 
below. The DDES Director or designee shall be responsible for making the determination for a fee 
reduction. 

A. Minor variance requests which are defined as issues that require no engineering review to 
determine appropriateness. These include: 

0 ' New or revised standard specifications for engineering and construction which are cited in 
the Manual (e.~., APWA standard specifications for public works construction, WSDOT 
standard specifications), 

Minor design alternatives that meet the stated intent in the Manual, 

Identified errors in the Manual. 

6. Blanket Variances (See Reference Section 1 1 A Blanket Variances, for approved Blanket Variances). 
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( ~ o t  included at this time.) 
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